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a To no one man may the discovery 
— of Carbon Dioxid be credited. 


From an early time, men were aware 
of the gas we now know as Carbon 
Dioxid. Isolated’ in the seventeenth 
century by Van Helmont, and more 
conclusively a century later by Joseph 
Black and his contemporary, Priestly, 
Carbon Dioxid was used commercially 
long before its medical properties 

were confirmed. 


~ The value of Carbon Dioxid mixed 
Bee With oxygen or air, as a respiratory 
stimulant, remained undiscovered until 
1908, when Yandell Henderson 
demonstrated the therapeutic advantages 
of Carbon Dioxid mixtures. 


With the unceasing development of 
new methods and equipment for 
the effective administration of 
resuscitating, anesthetic, and 
therapeutic gases, Puritan is proud 
to carry on the tradition of these 
earlier, distinguished scientists. 


z__Henderson \ 
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“Ether continues to be the most widely used general anes- 
thetic. It is the standard with which all newer anesthetics 


are compared...’ 
Because of its wide margin of safety, relatively low toxicity, 
economy and ease of administration, ether remains the 
standard drug for inhalation anesthesia. | 

For almost 100 years surgeons all over the world have 
depended on Squibb Ether — confident of its purity, uni- 
formity and efficacy. 


1. Goodman, L., and Gilman, A.: 


The Pharmacological Basis 
UI B ETH of Therapeutics, New York, 


The Macmillan Co., 1947, p. 58. 
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[Reader participation in this column is invited. Send your contribution to 
“Opinion Review,” Journal A.A.N.A., 22 East Division St., Chicago 10, Illinois. ] 


What Price ‘Gree’ Medical Care 


This comment on compulsory health insurance makes no pretense at 
being a learned discussion. One of the reasons for its being written is that, 
in the mind of almost everyone I have met, there seems to be only a vague 
realization that some legislation is about to be enacted by the Congress 
that would alter the status of the entire medical profession in its relation 
to the public and its health. 


To those who advocate legislation of a compulsory insurance, the idea 
is tendered as a panacea. To those who are against it, it is being portrayed 
as the essence of all evil. Because of this, the general public, which includes 
you and me, is forced to accept or refuse the plan in its entirety. The only 
source of optimism is an alternative bill that either faction could accept 
without losing face. This bill is the Voluntary Health Insurance Bill, listed 
as S. 1456, which is being sponsored by Senator Lister Hill, with Senators 
O’Conor, Withers, Aiken, and Morse as co-sponsors. S. 1456 allows for 
the extension of health services within the framework of the present system. 


The daily papers are filled with articles about compulsory health insur- 
ance. Lay magazines and medical journals are giving up valuable space 
to the subject. Radio programs give it a high public-interest rating. This 
would seem to indicate a very high personal interest. Yet this is not true. 
The average person can talk about it in only the most limited terms; the 
spokesman who can out-talk and out-wit the opposition will win his objec- 
tive. 


Despite this fact, neither side has much concrete ammunition to offer 
in the argument. After listening to countless radio discussions, I find that— 
without other sources of information—I could not, in any single instance, 
have been convinced either way. The programs serve only to confuse the 
listener further; neither the speakers for or against compulsory health 
insurance seem to know just what they are talking about. Those for the 
legislation refuse to answer questions designed to point out weaknesses in 
the bills. Those against the bills protect ineffectually and seldom offer a 
well informed, specific argument. The only thing of which either side seems 
to be sure is that it is either “for or agin’.”” The listener only knows that 
someone is trying to put something over on him. The tragedy is that he 
isn’t sure just who the villain 4s. 


The bills that have been introduced into the Congress on compulsory 
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For 
SHORT 


ANESTHESIAS 


with prompt, quiet, smooth recovery 


WwW: short periods of anesthesia are 
involved, and it is desirable to have 
the patient ambulatory shortly thereafter, 
the use of the inhalation anesthetic agent 
Vinethene is recommended. 

Vinethene anesthesia is rapidly induced 
and affords prompt, quiet, and smooth 
recovery. Nausea and vomiting are rarely 
encountered. 

Vinethene anesthesia is especially useful 
as an aid to the reduction of fractures, ma- 
nipulation of joints, dilatation and curettage, 
myringotomy, changing of painful dressings, 
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An Inhalation Anesthetic for Short Operative 
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incision and drainage of abscesses, tonsillec- 
tomy, and extraction of teeth. 

Vinethene also may be employed as an 
induction agent prior to the administration 
of ethyl ether and as a complement to ni- 
trous oxidé-oxygen anesthesia. 


OTHER MERCK ANESTHETICS: 
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health insurance are listed as H.R. 345, H.R. 783, and S. 5 and are cited 
as the “National Health Insurance and Public Health Act of 1949.” The 
bills are identical and are the old Wagner-Murray-Dingell Bill . . . slightly 
revamped. 

The sponsors of the bills claim that they are different from the Medical 
Act of the British Parliament. I was in England in 1944 when the White 
Paper on Social Medicine was released, and from. study and discussion 
with British doctors at that time, it is apparent that the two programs are 
essentially and basically: the same. The faults of the British plan for both 
patient and doctor and the top-heaviness and expense of the Act have been 
confirmed. The British Act promised, and promises, freedom of practice 
for doctors and nurses, yet the shortage of doctors and nurses in England 
increases daily. | 

To the few patients who were always too poor to get medical aid, the 
British Act might be considered a benefit. However, because of the 
avalanche of patients, the service has to be spread so thin that no one 
benefits. Of what profit is it to a patient to have a diagnosis made if he 
cannot receive treatment for his disease? The net result of the attempt to 
treat everyone is that no one is treated. 


Not only is there a shortage of doctors and nurses in England, there is 
a shortage of hospitals, equipment, and medicines. Treatment for those 
who could be treated is delayed by red tape and regulations. If the patient’s 
complaint is serious, the delay—while he is being sorted out from thousands 
of patients with minor illnesses—may be fatal. 

The sponsors of the compulsory health insurance bills say, “It won't 
happen here.’”’ Remember when the Blue Cross first came into existence? 
Hospitals were filled with patients with minor complaints—colds and nerv- 
ous up-sets—and for check-ups; there was no room for the really ill, and 
valuable time was wasted by doctors and nurses in the routine of admitting 
and discharging patients who had a “right” to the benefits of the plan. The 
condition still exists, although to a lesser degree. 


To those of us who were in the Army, the memory of red tape and 
“through channels” is only too vivid. That a good job was done is no 
credit to the system, but to the availability of inexpensive personnel. The 
same supply of personnel at the same price could not be obtained unless 
we became so socialized as to be forced to work for small salaries. 


The sponsors of compulsory health insurance deny vehemently that 
the practice of medicine will come under Federal control. The facts speak 
otherwise. 

The head of the bureau will be a Federal Administrator, the National 
Health Insurance Board, and an Advisory Council.. The Federal Adminis- 
trator will be a Presidential appointee. The Board will consist of five 
members, three of whom shall be appointed by the President with the 
advice and consent of the Senate. The other two shall be the Surgeon 
General of the Public Health Service and the Commissioner of Social 
Security. 

The Advisory Council shall consist of the Chairman of the Board 
(NHIB) who shall serve as Chairman of the Advisory Council (ex-officio) 
and sixteen members appointed by the Federal Security Administrator. 
At least EIGHT of the sixteen members shall be individuals who are 
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- Model N Head Assembly 


Only One Flow Tube 
to Watch in Each Meter 


Each integral meter on the New McKesson Model N Anesthesia 
Machines contains two flow tubes—one fine (for measuring flow in 
tenths of a liter) and the other coarse (for measuring flow in liters). 
Flow rates are indicated by black glass balls—one in each tube. 


As the gas is measured first in tenths, the anesthetist needs only 
to look at the glass ball in the fine-flow tube. Once a full liter is 
reached, the glass ball in the fine-flow tube disappears in the top, 
and the glass ball in the coarse-flow tube begins to register. 

All you need to watch is one ball in one flow tube in each meter. 


This is only one of the many excellent features in these new McKes- 
son Model N Anesthesia Machines. 


We'll be glad to mail you our free Booklet. Just drop us a line. 


Thoughts While Holding Up a Chin—lIt is easier to damage the patient 
by respiratory obstruction than anesthetic overdosage. 
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familiar with personal health service and at least SIX of the members 
shall: be individuals who are outstanding in the medical profession or other 
professions who are concerned with the benefits under this title of per- 
sonal health service. 


A careful analysis shows that the administrative set-up, even in the 
hands of the wisest and most judicious, is dangerous. In the hands of those 
who might have other intent, it is dynamite. As a political football, it is 
perfect. The whole system of medical cdre immediately becomes a potent 
weapon in the control of a political situation. 


Wherever a state so wishes or can, the plan is to decentralize the 
administration by delegating it to the states. However, the Federal Adminis- 
trator and the National Health Board can, at any time, decide it a better 
policy to assume all of any state administration (see Sec. 241, [e] of [8]). 
Through channels, the Federal Bureau can take over control of any 
department, any section, or any person connected with the administration 
of health services. I don’t say that it will, but the bills are so constructed 
that it can. 


A means of redress is provided for persons receiving or administering 
health benefit. Under Sec. 262, Par. (B) is found the following: “Provision 
shall be made for the establishment of necessary and sufficient impartial 
tribunals to afford hearings to individuals and other persons entitled thereto 
under sub-section (a) of this section, or section 219 (d) of this title and 
for further review of findings, conclusions, and recommendations of such 
tribunals, 1» accordance with the regulations made by the Board after 
consultation with the Advisory Council. With respect to any complaint 
involving matters or questions of professional practice or conduct, the 
hearing body shall contain competent and disinterested professional repre- 
sentation ; with respect to any complaint involving only matters or questions 
of professional practice or conduct, the hearing body shall consist exclu- 
sively of such professional persons.” (Italics mine. ) 


The sponsors of the compulsory health bills say that the choice of 
who shall give medical care to an individual is free—as free as under the 
present system. I quote Sec. 203 of these bills: | 


“Every individual eligible for personal health service under this title 
may freely select the physician, dentist, nurse, medical group, hospital or 
other persons of his choice to render such services, and may change selec- 
tion: PROVIDED, That the practitioner, medical group, hospital or other 
person has agreed under Part B to furnish the class of service required 
and consents to furnish such services to the individual.” 


Right here in plain words is the catch: Either the patient must select 
a doctor, dentist, nurse, medical group, hospital, or other person working 
under the plan, or pay his own expenses. In this way only does he have 
absolute freedom of selection. If the sponsors are sincere, they must be 
expecting all doctors (or others), sooner or later, to enter into the plan or 
cease the practice of medicine. The situation in England bears this out. 


Everyone must, or should, be wondering how this plan is to be financed— 
_ this service that the sponsors call “free.” No mention of how the funds 
are to be obtained is made in the bills, other than to say that they will 
be appropriated. In this connection, I quote Senator Robert A. Taft in 
an address made at Pittsburgh on February 19, 1949: 
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Entrance McKesson Plant 


The Tradition You Want 


You who use anesthesia machines—what do you want? 


Above all things—you must have equipment.as reliable . . 
as flawless . . as mortal mind can conceive and as mortal 


hands can build. 


That’s why we're delighted . . any time . . to have you drop 
in On us. 


Behind the offices . . in a modern airy plant . . you'll see 
the men who make the McKesson Machines you now use 
.. and the Machines you will use. 


You'll see men who are proud to spend their lives in this 
work .. work which requires skill . . patience . . idealism— 


Work which is carried on in the tradition you want to see— 


A tradition . . keenly aware of the importance and respon- 
sibilities of making equipment on which frequently the 
lives of human beings depend. 


Kesson 
APPLIANCE 


| COMPANY 
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“The bills introduced do not provide any revenue, but it is generally 
understood that the undertaking will be financed by new taxes amounting 
to three or four per cent om payroll to be paid by the employees. The tax 
receipts will have to be supplemented by the equivalent of one or two per 
cent more in general taxes, so that about four to five billion dollars would 
come under the control of some bureau of the Federal Security Administra- 
tion to be dispensed by that bureau to provide free medical service to all 
the people of the United States, or at least to all those families in which a 
wage earner has contributed some minimum amount to the payroll tax. 
The exact manner is not worked out in which medical care will be provided 
to those who make no contribution, but unquestionably they will also receive 
free service. 


“In the first place this is not a system of insurance at all. The very 
term compulsory insurance is a contradiction, for insurance is a free act 
by which a mani pays certain definite sums in order to receive protection or 
benefits worth, according to actuarial computations, approximately what 
he pays. If he is compelled to pay something to the government, it is a 
tax, and he has to accept in return exactly what the government gives him. 
... Furthermore the proposed payroll deduction is a tax, because the benefit 
promised has no relation or a very remote relation to the amount of the 
payments made. Thus a man with a salary of a thousand dollars and a 
family of five will pay perhaps $40 a year for services to his entire family, 
and the man with three thousand dollars a year, but unmarried, pays 
perhaps $120 for services for himself only. This is the principle of taxation, 
and not of insurance. The term ‘insurance’ is used simply because insurance 
is generally popular, and it is hoped to make the bitter pill more acceptable.” 


This opinion has not been written without prejudice: one cannot study 
these bills and the various articles on compulsory health insurance and 
remain completely open-minded. Except for the discussion of finance, I 
have touched only those points which seem to have been the source of the 
greatest contention. The financing of the plans has been little discussed 
in general because any increase in taxes is a sore subject—at least to 
Johnny Q. Public. 


The single purpose of this review has been to give you a little food for 
thought on a trend to change the basic structure of your professional lives. 
S. 1456, the Voluntary Health Insurance Bill, will be discussed at a later 
date—VERNA E. BEAN, R.N., Lexington, Ky. 
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The Journal of the American Association 
of Nurse Anesthetists 


VOLUME XVII NUMBER TWO 


Relationshin of General Nursing and Anesthesia 


We have recently observed National Brotherhood Week. For many, 
ifi.was the same as any other week, except. that the word “brotherhood” 
Was mentioned more often on the air and in the press. But more likely 
than not, our conduct in our daily activities remained unchanged. Perhaps 
we did let that age-old question arise in our minds: “Am I my brother’s 
keeper?” Or “How much should I do for others? Shall I go about strictly 
minding my own affairs? How far can I go without having my activities 
affect someone else?” 


If we analyze these questions, we find that we are caught in a web of 
interrelationships and interactions. We can never be completely inde- 
pendent. This is true in our hospital relationships as well as in our personal 
lives, for no hospital department is isolated. One is as dependent upon the 
other as each of us is dependent on each other for food, clothing, and 
shelter. The interrelationship of general nursing and anesthesia is no 
exception. 

When a patient enters a hospital, he is confident that the hospital is 
the best, his physician is the best, and his care will be the best, and rightly 
so. If he is scheduled for an operation, much preliminary work must be 
done, a large amount of it being general nursing care. A good nurse will 
see that all orders for tests and treatments are carried out and that all 
medications are given at the prescribed time. The latter is of special 
importance to the anesthetist. A poorly prepared patient invites complica- 
tions under anesthesia, and complications demand more nursing care 
postoperatively. 

Should an unforeseen event take place in the operating room, the 
anesthetist again leans heavily upon the staff nurse for aid in preparing 
drugs, blood, plasma, or fluids. This is especially true in small hospitals. 
And it is a comfort to know that someone is standing by who can be 
depended upon to act quickly and efficiently. 


The vigilance of the general nursing staff the first hours after surgery 
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again means much to the patient and the anesthetist. It is the staff nurse 
who can ward off many complications. Although the anesthetist may take 
credit for giving a good anesthetic, that good anesthetic could come to 
nought were it not for good postoperative nursing care. 


As a good nurse is informed of progress in nursing, medicine, and 
anesthesia, so a good anesthetist is informed of progress in anesthesia, medi- 
cine, and nursing. Neither can give intelligent care without keeping abreast 
of advances in the interrelated fields. 


The interrelationship between general nursing and anesthesia is born 
of necessity. Yet in many hospitals, the nurse anesthetist is not invited to 
participate in nursing and hospital activities. Someone has forgotten that 
she is a nurse who is interested in what goes on about her, even 


though she is working in a specialized field. The same is true of nurses. 


As a rule, nurse anesthetists fail to invite the general nursing staff to 
meetings where advances in anesthesia are discussed. We forget that they 
might be interested. Yet it would be an advantage to both services and 
would strengthen the interrelationship of general nursing and anesthesia if, 
in their meetings, nurses and anesthetists would share their knowledge 
and become better acquainted.—Marte Krart, R.N., Madison, Wis. 
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THE PHYSIOLOGIC EFFECTS OF ANOXIA 


Willis G. Watrous, Ph.D., M.D.* 
Salt Lake City, Utah 


The topic that I am going to dis- 
cuss with you today has quite ex- 
tensive ramifications, not only in 
the field of anesthesia, but widely 
throughout medicine, and it became 
a problem of extreme importance 
for aviators during World War II, 
as witnessed by the research that 
was done in high altitude chambers 
throughout the country. There are 
extensive sections on the physio- 
logic effects of anoxia in each of 
the numbers of the Annual Review 
of Physiology, and two significant 
books have appeared _ recently, 
Anoxia, Its Effect on the Body 
by Van Liere,t and Jnhalational 
Therapy by Barach.? Nevertheless, 
we do not have the time to consider 
all the effects of oxygen lack, and 
shall merely consider some of the 
more important ones as they relate 
to anesthesia. 

Haldane* said in 1919 that 
“Anoxemia not only, stops the ma- 
chine, it wrecks the machinery.” 
As we shall attempt to show, the 
machine stops in an effort to sur- 
vive serious anoxemia, and at 
times the compensatory reflexes are 
insufficient to prevent transient or 
permanent damage to the brain or 
heart. The seriousness of anoxia is 


Read before the Institute for Nurse Anes- 
thetists, Oakland, Calif., March 8, 1948. 

*Formerly with the Veterans Administration 
in Oakland. Calif.; now with Department of 
School, Salt Lake City. . 

1. Van Liere, E. J.: Anoxta, Its Effect on 
the Body (Chicago: University of Chicago Press, 
942 


2. Barach, Alvan L: Principles and Practices 
of Inhalation Therapy (Philadelphia: J. B. Lip- 
pincott Co., 1944). 

3. Haldane, J. S.: Symptoms, causes, and 
prevention of anoxemia and the value of oxygen 
in its treatment. Brit. M. J. 2:65, July 19, 1919, 


illustrated by the fact that man can 
endure starvation for a maximum 
of nine to ten weeks, can withstand 
water or salt deprivation for a few 
days, depending upon the rate of 
dehydration, but can tolerate ab- 
solute oxygen lack for at most five 
minutes without irreparable dam- 
age to his central nervous system. 
Accordingly, we as conscientious 
anesthetists have a special interest 
in the occurrence, development, and 
prevention of anoxia. Neverthe- 
less, Mousel* wrote two years ago 
that “Very few anesthesias progress 
for more than a few minutes in 
average hands without some degree 
of anoxia under some of the afore- 


mentioned headings (inadequate 
oxygen in the inspired air, ob- 
structed respiration, respiratory 


center depression from anesthetic 
overdose, alveolar membrane edema 
from anoxia.)”’ If this is so, it is 
a wonder to me that human beings 
are able to withstand the combined 
insult of anoxia and anesthesia, but 
perhaps it proves that we are pretty 
durable. 


The motion picture* that you are 
about to see illustrates the facts 
you must know concerning the 
transportation of oxygen in the 
body and considers the following 
points: (1) the absorption of 
oxygen by the blood as it passes 
through the lungs; (2) the four 
different types of anoxia and how 


4. Mousel, L. H.; Stubbs, D., and Kreisel- 
man, J.: Anesthesia complications and their 
management, Anesthesiology 7:69-79, Jan. 
1946. 


*Physiology of Anoxia, courtesy the Linde 
Oxygen Company. 
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each type results in a delivery of 
less oxygen to the tissues; (3) what 
happens to the oxygen in the blood 
after it reaches the tissues; (4) the 
principles behind the use of oxygen 
in the treatment of pulmonary 
edema, pneumonia, cardiac failure, 
hemorrhage or other forms of 
anemia, and the poisons such as 
cyanide, carbon monoxide, and cer- 
tain anesthetic agents that may in- 
terfere with the oxidative enzymes 
in the tissues. There are two things 
we need to know first about oxygen 
before we can fully understand the 
picture. First, the rate at which 
oxygen is used by the tissues, other 
factors being constant, depends 
upon the pressure or tension at 
which the oxygen is delivered by 
the blood to the tissues; thus, when 
the oxygen tension in the lungs is 
reduced, the oxygen tension in the 
arterial blood is reduced, and the 
tension is accordingly reduced in the 
tissues. The tissues then suffer a 
depression of metabolism, or resort 
to emergency, but wasteful and pos- 
sibly harmful, mechanisms for the 
production of energy. For example, 
the brain has no important emer- 
gency mechanism and suffers a 
lowering of metabolism in propor- 
tion to the degree of anoxia; how- 
ever, muscle in the absence of 
oxygen is able to contract for a 
while by forming lactic and pyruvic 
acids. All tissues have to liberate 
energy continuously merely for the 
purpose of survival —to maintain 
cellular structure and organization, 
for growth and replacement, and to 
maintain selective permeability of 
the cellular membranes. Cellular 
death results when oxidations are 
diminished below a critical level. 
The second thing we need to know 
concerns the relationship between 
the amount of oxygen carried in 
loose combination by the hemo- 
globin in the blood and the pressure 
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of the oxygen in the tissues or in 
the lungs. This is illustrated by the 
so-called “oxygen dissociation curve 
of hemoglobin,” which shows that, 
as the pressure or tension of oxygen 
in the lungs increases, there is a 
similar increase in the amount of 
oxygen held by the hemoglobin. The 
amount of oxyhemoglobin increases 
rapidly from zero pressure to a 
pressure which corresponds to about 
10 per cent oxygen; further in- 
creases in the pressure of the oxy- 
gen cause a slower but definite 
increase in the amount of oxyhemo- 
globin, until at a concentration 
somewhere between 14 per cent and 
probably 20 per cent all of the 
hemoglobin in the blood is combined 
with oxygen. In other words, this 
graph reflects the percentage that 
blood is saturated with oxygen, 
hence the name. This curve must 
be remembered because reflex stim- 
ulation of the pulse rate, blood 
pressure, and respiration bear a 
close resemblance to this curve until 
circulatory or respiratory collapse 
occurs. The oxygen concentration 
of the air in the lungs is approxi- 
mately 14 per cent when breathing 
air at sea level; this corresponds to 
a tension of approximately 100 mm. 
Hg, and when in equilibrium or bal- 
ance with blood, the blood return- 
ing to the systemic circulation from 
the lungs is about 95 per cent satu- 
rated with oxygen. The oxygen 
pressure out in the tissues is much 
lower, roughly 5 per cent, or 40 mm. 
Hg; the blood in the tissues quickly 
loses oxygen until it also has about 
the same pressure of oxygen as the 
tissues. The “oxygen-dissociation” 
graph shows that the blood in doing 
so gives up 35 per cent of its oxy- 
gen, and its new saturation is 60-65 
per cent. This blood, which is 
venous blood, returns to the lungs 
where it is exposed briefly to a 
higher pressure of oxygen and is 
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restored to 95 to 100 per cent satura- 
tion. 

The problem of anoxia, in the 
general usage of the term, concerns 
a deficiency or rarely a lack of oxy- 
gen and is closely related to the 
phenomenon of asphyxia, in which 
anoxia is associated with an excess 
of carbon dioxide. The responses 
of the body to-asphyxia are quite 
similar to those brought about by 
anoxia, yet there are certain differ- 
ences that are caused by the toxic 
action of carbon dioxide. Suffice it 
to say that oxygen deficiency is more 
serious and sooner brings about 
permanent damage to vital organs 
than carbon dioxide excess, al- 
though I do not want to minimize 
the importance of either anoxia or 
carbon dioxide excess. during an- 
esthesia. 


SYMPTOMS AND SIGNS OF 
OxyYGEN WANT 


What are some of the symptoms 
and signs of oxygen want? There 
may be psychic changes, consisting 
in overconfidence, impaired judg- 
ment and vision, anxiety, dizziness, 
air hunger, weakness, delirium, and 
coma. Nausea and vomiting, head- 
ache, or precordial (cardiac) pain 
may be present. Respiratory 
changes depend upon the severity 
of anoxia; the rate and depth may 
be irregular, with the rate tending 
to increase more than depth, and 
brief apnea may follow the restora- 
tion of oxygen; with more severe 
anoxia, respiration is first depressed 
then arrested. The blood pressure 
shows a slight increase as the pulse 
rate increases, and as anoxia be- 
comes more severe, the blood pres- 
sure may increase acutely, and the 
pulse may show irregularities, but 
the latter is often slow, full and 
bounding; finally, with the onset of 
cardiac failure, the blood pressure 
decreases and the pulse ceases. It 
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is said that the pulse increase in the 
conscious subject is the most reliable 
index to slight anoxia. Muscular 
signs largely depend upon the ef- 
fects of anoxia on the central 
nervous system; they consist of in- 
co-ordination, twitching, muscle 
spasms, convulsions, and finally re- 
laxation. The presence of cyanosis 
generally indicates that anoxia is 
present, but the depth of cyanosis 
depends upon the amount of hemo- 
globin in the blood, the type of skin, 
and the state of the peripheral cir- 
culation. Recent work with the Mil- 
likan oximeter® showed that some 
persons are able to perceive a de- 
gree of cyanosis corresponding to 
an oxygen saturation of the blood 
in the skin of 80 per cent, but the 
majority of us perceive cyanosis 
only when the blood contains 5 Gm. 
of reduced hemoglobin per 100 cc., 
i.e., when the oxygen saturation is 
about 65 per cent. Very rapidly pro- 
duced anoxia, due to the inhalation 
of undiluted nitrogen, methane, 
helium, hydrogen, or nitrous oxide, 
will produce coma and unconscious- 
ness with very few warning signs in 
from forty-five to ninety seconds. 


~SyMPTOMS AND SIGNS OF 
CARBON D1oxIDE EXcEss 


The patient may experience dis- 
comfort with a mild excess of car- 
bon dioxide, or dizziness to uncon- 
sciousness with severe excess; the 
upper part of the respiratory tract 


‘tends to be irritated by increased 


carbon dioxide concentrations. The 
depth of respiration is markedly in- 
creased without much increase in 
rate in response to mild excesses, 
but respiration is depressed above a 
concentration of about 10 per cent 
and is arrested by a concentration 
of 30 per cent carbon dioxide. The 

5. Comroe, J. H., Jr., and Botelho, S.: The 


unreliability of cyanosis in the recognition of 
arterial anoxemia. Am.*J. M. Sc. 214: 1, 1947. 
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blood pressure shows a marked in- 
crease but decreases when depres- 
sant concentrations are reached ; the 
pulse undergoes a moderate in- 
crease. Central nervous system 
stimulation is shown by twitching, 
muscle spasm, and _ convulsions. 
Henry Hickman® showed that car- 


bon dioxide has narcotic properties | 


by producing surgical anesthesia in 
animals. The skin remains pink 
owing to vasodilatation unless there 
is accompanying anoxia. Two types 
of toxic reactions with severe ex- 
cess have been described: (1) gasp- 
ing, depressed respiration, accom- 
panied by pallor, blood pressure de- 
crease, and slow pulse; (2) facial 
twitchings followed by generalized 


convulsions with simultaneous fail- 


ure of the respiration and circula- 
tion. 


THE SYSTEMIC EFFECTS OF 
ANOXIA 


The significant actions of anoxia 
are confined to three systems, the 
brain and spinal cord, the respira- 
tory system, and the circulatory 
system. These three systems are 
damaged and fail before anoxia can 
produce functional changes in other 
organs. The effects of anoxia will 
be discussed, first, without the com- 
plicating effect of anesthesia, and 
second, in relationship to anesthesia. 
The concentrations at which critical 
changes occur in these functions 
will be summarized at the end of 
this discussion. 


The circulatory system.—The 
effects of anoxia may be noted on 
the blood, on the blood pressure, 
pulse rate and volume, on the heart, 
and on capillary permeability. Al- 
though prolonged exposure to 
anoxia may lead to acclimatization, 
such as occurs at high altitudes or 
in various circulatory and pulmon- 


6. Hickman, Henry: Cited td Thompson, 
Cc. J. Bet. M. J. 1932. 
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ary diseases, we are concerned here 
only with responses to acute anoxia. 

The blood may show an increase 
in the amount of blood sugar, as a 
result of the secretion of adrenalin. 
There is a reduction of the tension 
of carbon dioxide in the blood be- 
cause of respiratory stimulation by 
anoxia, with a secondary fall in the 
blood bicarbonate content. With 
oxygen concentrations of less than 
11.8 to 10.6 per cent in the inspired 
air (remember, the oxygen concen- 
tration in the alveolar air is con- 
siderably less), there is a slight in- 
crease in the blood lactic acid. The 
main effect concerns the amount of 
reduced and oxyhemoglobin, as dis- 
cussed previously ; this is significant 
in regard to the presence or absence 
of cyanosis, since the blood must 
have 5 Gm. or more of reduced 
hemoglobin before cyanosis becomes 
apparent to most observers. For a 
person with a normal amount of 
hemoglobin, this means that an 
anoxic state equal to breathing ap- 
proximately 11.4 per cent oxygen 
or less is necessary, but for a per- 
son with anemia the presence of 
cyanosis indicates a much more 
severe degree of anoxia. 


Capillary permeability increases 
from various degrees of anoxia, 
with an increase in the rate of blood | 
flow through tissues and an increase 
in the rate of formation of both 
tissue fluid and lymph. This ap- 
parently is the mechanism by which 
active tissues, except the brain, in- 
crease their blood flow and supply 
of nutrients and oxygen. The in- 
crease in permeability reaches a 
maximum with the breathing of 9.8 
per cent oxygen in the inspired air. 
Such an increase would probably 
have no serious effect on tissues 
except for the fact that the perme- 

ability of the pulmonary capillaries 
is also increased. In the lungs, the 
increased tissue fluid that ‘filters 
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from the pulmonary capillaries may 
find its way into the alveoli and finer 
bronchioles, where it interferes with 
the ventilation of the alveoli and 
also interferes with the diffusion of 
oxygen from the alveoli into the 
pulmonary capillaries. This is one 
mechanism in the development of 
pulmonary edema and is the basis 
for oxygen therapy in pulmonary 
edema. 

The blood pressure, like the heart 
and respiration, is under the control 
of appropriate centers in the me- 
dulla oblongata that are stimulated 
by carbon dioxide and is also under 
the control of reflexes that are 
initiated by the stimulation of sense 
organs in the carotid bodies and 
aortic bodies. These structures are 
stimulated by anoxia. The aortic 
body is found in the arch of the 
aorta, and the carotid, where the 
common carotid arteries divide into 
the internal and external carotids. 
_ These reflexes are truly life saving, 
for the centers in the medulla are 
depressed by anoxia, and when 
these reflexes have been abolished 
by section of appropriate nerves, 
mild anoxia may cause sudden col- 
lapse, coma, and death. The blood 
pressure is increased less during 
anoxia than it is during asphyxia; 
it shows no sustained increase with 
_ oxygen in the inspired air above 
11.8 per cent, but below this con- 
centration it may rise 30 to 60 mm. 
Hg. The increase in blood pressure 
results from widespread vasocon- 
striction brought about by the sym- 
pathetic nervous system and adrenal 
glands and serves to divert blood 
from nonvital organs to the heart 
and brain. An increase in the pulse 
rate occurs in all persons breathing 
less than 14.3 per cent oxygen, and 
the increase is proportionate to the 
decrease in oxygen; the increase 
shows a close correlation to the 
oxygen-dissociation curve of hemo- 
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globin discussed previously. The 
cardiac output, which is the amount 
of blood pumped by the heart in a 
given time, increases with the 
breathing of 13 per cent oxygen or 
less, in the same manner as the 
pulse rate; the increased output is 
attributed to the tendency of anoxia 
to dilate blood vessels. The blood 
pressure, pulse, and cardiac output 
increase with decreasing concentra- 
tions of oxygen in the inspired air 
until heart failure occurs; heart 
failure may occur with the breath- 


-ing of between 6 and 9 per cent 


oxygen. Heart failure is accom- 
panied by a rapid decrease in blood 
pressure, an abrupt decrease in 
cardiac output, a slowing of the 
heart rate with onset of various 
arrhythmias, and an increase in the 


venous pressure—in other words, 


the circulation fails when 6 to 9 
per cent oxygen is breathed for 
more than a short time. 

The heart rate accelerates under 
anoxia because of the carotid and 
aortic body reflexes. In addition, 
anoxia causes the heart to dilate 
progressively, which means that the 
heart muscle becomes less efficient. 
Cardiac failure occurs when the 
arterial saturation falls to 35 to 50 
per cent of normal, which corre- 
sponds to an oxygen concentration 
in the inspired air of approximately 
6 to 7 per cent. The coronary ves- 
sels dilate under the influence of 
anoxia; it is believed that the crisis 
that is announced by cardiac failure 
occurs as soon as coronary dilata- 
tion is unable to keep pace with the 
decreasing volume of oxygen car- 
ried by the blood under various 
degrees of anoxia. Normal hearts 
undergo many changes during 
anoxia that are similar to changes 
found during disease. Anoxia may 
cause anginal pains when the cor- 
onary arteries are narrowed from 
disease and may also cause death 
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from infarction when the coronary 


vessels are open but narrowed. A 


severe degree of oxygen lack, near 
that point at which the heart fails, 
may cause an intraventricular con- 
duction block, deformation or de- 
pression of the ORS complex of 
the electrocardiogram, flattening or 
inversion of the T wave, and devia- 
tion or depression of the S-T seg- 
ment. Many of these changes are 
typical of the effects of coronary 
infarction in diseased hearts. Ir- 
regularities in cardiac rhythm occur 
only with severe anoxia. It is said 
that anoxia increases the incidence 
of cardiac arrhythmias during 
cyclopropane anesthesia. 


The respiratory system.— The 
lungs provide the means of getting 
oxygen into and carbon dioxide out 
of the circulatory system, so that 
when either system is functioning 
improperly, all the tissues of the 
body, including the brain, are sub- 
ject to anoxia or asphyxia. The 
regulation of respiration is provided 
largely by the response of the 
respiratory center to carbon dioxide 
and by the reflex responses to 
anoxia acting upon the carotid and 
aortic bodies; anoxia primarily de- 
presses the respiratory center. The 
respiratory stimulation by anoxia 
is less marked than that by carbon 
dioxide excess, and the rate of 
respiration is more affected than 
the depth. The increase in respira- 


‘tion caused by anoxia is highly 


variable, some persons showing no 
effect until unconsciousness is pro- 
duced; generally, the depth of res- 
piration increases with less than 18 
per cent oxygen in the ins»ired air, 
while the rate increases with oxygen 
less than 11.8 per cent. The stimula- 
tion continues with increasing 
anoxia until the depth of breathing 
abruptly diminishes while the rate 
increases ; this response signals the 
approach of respiratory failure, 
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which occurs with the breathing of 
approximately 8 per cent oxygen. 
Although the deepened respirations 
help to increase the concentration 
of oxygen in the lungs, they also 
serve to wash out carbon dioxide, 
superimposing hyperventilation 
upon anoxia, as it were. Certain of 
the changes that occur in the heart 
and the brain are caused by the 
lowering of the carbon dioxide of 
the blood rather than by the anoxia. 
The carotid and aortic bodies are 
not capable of being stimulated by 
anoxia before birth, so that there is 
no protective emergency mechanism 
acting against the harmful effects of 
anoxia on the fetus; therefore, 
anoxia of the mother, such as re- 
sults from nitrous oxide anesthesia 
when 10 per cent oxygen or less is 
used, is very likely to cause asphyxia 
neonatorum. 

The brain and spinal cord.— 
We are most concerned about the 
influence of anoxia on the central 
nervous system. Someone said: “Of 
all the tissues in the body, the 
nervous tissue is least capable of 
withstanding oxygen want. In the 
intact organism, the effect of 
anoxia on the nervous system is of 
paramount importance.” 


In connection with the circula- 
tion and respiration, it was noted 
that the circulation fails with the 
breathing of a concentration of 
oxygen between 6 and 9 per cent, 
and that the respiration fails with 
the breathing of a concentration of 
oxygen of about 8 per cent; it 
should be emphasized that failure 
does not follow momentary expo- 
sure but requires a few minutes. 
The central nervous system is much 
more susceptible to anoxia, in that 
changes in function are noted much 
sooner. Various subjective symp- 
toms, such as mood change, visual 
dimness, drowsiness, lassitude, or 
headache, may be noted with the 
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breathing of air containing 14.3 to 
16.6 per cent oxygen; this corre- 
sponds to an altitude of six to ten 
thousand -feet. Changes occur in 
the electroencephalogram with the 
breathing of 14 per cent oxygen; 
impaired co-ordination, with 
decreased efficiency, memory, and 
thought, occurs with the breathing 
of oxygen concentrations between 
13.2 and 14.4 per cent. A critical 
zone has been described and occurs 
when the oxygen saturation of the 
blood falls to 80 per cent, occurring 
with the breathing of oxygen of 
between 11.4 and 12.8 per cent. At 
this point there occur beginning 
neuromuscular changes with tremor 
or convulsions. and exaggerated 
tendon reflexes, all of which indi- 
cate a loss of the inhibitory func- 
tion of the cerebral cortex ; further 
psychic changes also occur here. 
Finally, coma occurs in all subjects 
with the breathing of 9.8 per cent 
oxygen or less. In relation to 
nitrous oxide anesthesia, it is of 
interest that: 

Consciousness lasts five minutes 
or less with the breathing of 7.7 
per cent oxygen. 

Consciousness lasts ninety sec- 
onds with the breathing of 6.4 
per cent oxygen. 

Consciousness lasts seventy sec- 
onds with the breathing of 5.5 
per cent oxygen. 

Consciousness lasts fifty seconds 
with the breathing of 4.7 per 
cent oxygen. 

With anoxia, depression of brain 
functions occurs sooner than per- 
manent damage to the brain cells. 
Experiments have been performed 
on animals in which the brain has 
been deprived of blood for various 
periods, a state which is -compa- 
rable with that produced by the 
breathing of 100 per cent nitrogen 
or 100 per cent nitrous oxide. The 
electroencephalographic tracing dis- 
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appears within fourteen to forty 
seconds after the onset of this type 
of anoxia, and the respiratory and 
circulatory centers are depressed in 
about the same length of time. How- 
ever, recovery of the various por- 
tions of the brain is possible within 
different periods of anoxia; when 
complete functional recovery occurs 
there is no pathologic damage, and, 
conversely, impairment or changes 
in the functions of various brain 
areas always occur in the presence 
of pathologic change. The time that 
is required for recovery of function 
is proportional to the duration of 
the preceding anoxia. It has been 
determined that the small pyramidal 
cells in the cerebral cortex are the 
most susceptible to anoxia, and they 
may show severe damage after total 
anoxia of but three minutes and ten 
seconds. Nerve cells in the basal 
ganglia and in the cortex of the 
cerebellum are easily damaged by 
anoxia. Neurons in the medullary 
centers, while quickly depressed, re- 
quire exposure to ischemic anoxia 
for up to twenty to thirty minutes 
before suffering permanent harm. 
Cells in the spinal cord and sympa- 
thetic ganglia are relatively resist- 
ant to anoxia, both with respect to 
depression of function and the pro- 
duction of pathologic changes. 

Nims’ (1948) emphasized the 
narrow margin that exists between 
reversible anoxic changes in the 
central nervous system and irrever- 
sible destruction of parts of this 
system. 


Although the lower portions of 
the brain may tolerate considerable 
periods of anoxia, restoration to 
normal and survival are limited by 
the changes that occur in the cere- 
bral cortex and basal ganglia. It is 
generally agreed that cardiac arrest 


ae F.: Respiration. Ann. Rev. 


Physiol. 8:99-116, 1946, 
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or respiratory arrest from drowning 
must be followed by effective resus- 
citative measures within five min- 
utes after the onset of anoxia. 


RELATIONSHIP BETWEEN 
ANESTHESIA AND ANOXIA 


The following factors are causes 
of anoxia during anesthesia: (1) 
low oxygen concentration in the in- 
haled atmosphere; (2) obstruction 
from mucus, tongue, laryngospasm, 
blood, foreign body, tracheal col- 
lapse, etc.; (3) ‘limited tidal ex- 
_change due to depression of the res- 
piratory center or to convulsions, 
pneumothorax, the surgical posi- 
tion, or intercostal paralysis; (4) 


decreased vital capacity from pul-— 


-monary disease; (5) barriers to the 
diffusion of oxygen, created by such 
diseases as asthma, emphysema, pul- 
monary edema; (6) circulatory col- 
lapse or failure; (7) interference 
with tissue metabolic enzymes by 
the action of certain narcotics. 
Anoxic anoxia and anesthesia are 
most closely associated in regard to 
the use of nitrous oxide. The two 
following quotations may be dis- 
puted by many. Courville® in his 
classic monograph on Asphysxia as 
a Consequence of Nitrous. Oxide 
Anesthesia said: “Various degrees 
of anoxia exist and are necessary in 
the production of nitrous oxide 
anesthesia, and cellular anoxia 
strongly reinforces any direct taar- 
cotic action of the gas.” F. W. 
Clement? in the second edition of his 
book Nitrous Oxide-Oxygen Anes- 
thesia said: “Certain anesthetic 
gases, as nitrous oxide and ethylene, 
act primarily by replacing the oxy- 
gen of the inspired air. During the 
narcosis, therefore, both hypoxemia 
8. Courville, C. B.: Asphyxia as a_conse- 
quence of nitrous oxide anesthesia. Medicine 


15:129. May 1936. ‘ 
9. Clement, F. W.: Nitrous Oxide-Oxygen 
Anesthesia, ed. 2 (Philadelphia: Lea and Febig~- 


er, 1945). 
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and hypoxia will be present. The 
degree of oxygen want prevailing 
at any one time will vary directly 
with the existing plane or level of 
anesthesia. . . . The chief concern 
of the anesthetist is to anticipate 
from the patient’s reactions the 
evidences of serious or progressive 
oxygen deficiency, and to correct 
the condition before its depressing 
influence becomes firmly estab- 
lished.” (Italics mine. ) 


Accordingly, the Clement-McKes- 
son technic disregards the presence 
of cyanosis as an indicator of a 
possible harmful degree of anoxia 
and bases the need for oxygen upon 
the respiratory and circulatory re- 
sponses. A dangerous degree of 
anoxia is signaled by a progressive 
decrease in blood pressure with in- 
creasing pulse rate and decreased 
pulse volume, and by an increase 
in the rate with a decrease in the 
depth of respiration, which may 
ultimately lead to periodic or irreg- 
ular respiration. Dangerous anoxia 
is confirmed by the oxygen-apnea 
test, which consists in a breath or 
two of 50 to 100 per cent oxygen, 
that is followed by a short period 
of apnea, then an increased depth 
of respiration, an increase in the 
blood pressure, and a slowing of 
the pulse rate. 


Courville® and others noted that 
nitrous oxide has a true narcotic 
action of its own; therefore, in 
order to obviate anoxia during 
nitrous oxide anesthesia, Barach 
and Rovenstine’® recommended 
that nitrous oxide cylinders con- 
tain 20 per cent oxygen. With mod- 
ern technics using such supplemen- 
tary agents as pentothal, curare, 
ether, and cyclopropane, it is no 
longer necessary to combine anoxic 
depression with nitrous oxide anes- 


10. Barach, A. L., and Rovenstine, E. A.: The 
hazard of anoxia during nitrous oxide anesthe- 
sia. Anesthesiology 6:449, Sept. 1945. 
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thesia in order to achieve easy in- 
duction or satisfactory relaxation. 

Courville® analyzed the data on 
the anesthesia records for 11 pa- 
tients who died as a result of nitrous 
oxide anesthesia and -noted that 
three fourths of them showed res- 
piratory or cardiac failure or both, 
in a manner indicated by the signs 
used by Clement and McKesson. 
Courville believed that asphyxia of 
the cerebral cortex may occur after 
the utilization of the small amount 
of available oxygen in the blood, 
when transient respiratory or cir- 
culatory failure occurs from pro- 
found anoxia. Thus, cerebral dam- 
age may be done by the time that 
resuscitation is effective. In the re- 
mainder of Courville’s cases, there 
was no respiratory or cardiac crisis ; 
the patient simply failed to rouse 
at the end of the anesthetic. I be- 
lieve that this is reason enough to 
consider it unwise to allow anoxia 
to continue until cardiac or respira- 
tory signals indicate that the oxygen 
concentration should be increased. 

The damage to the brain caused 
by anoxia may be widespread, and 
the changes in function on recovery 
are legion. Death may occur with- 
out recovery of respiration and cir- 
culation, or may be delayed a vari- 
able period, during which time the 
patient may show decerebrate ri- 
gidity from widespread destruction 
of the cerebral cortex, or show 
athetoid movements, convulsions, 
and other motor phenomena. The 
patient may survive, but with 
mental deterioration, symptoms of 
parkinsonism, blindness, delirium, 
mania, hysteria, hallucinations, or 
dementia. It was observed that the 
chances of resuscitation are better 
when the respiration rather than the 
heart fails first. 

Anoxia and anesthesia are related 
to each other in several other ways. 
There is evidence that some anes- 
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thetics, such as chloroform and 
pentothal sodium, interfere with 
metabolic enzymes that utilize oxy- 
gen for the liberation of energy 
from glucose by the brain and other 
tissues. Anoxic anoxia by itself in- 
terferes with these metabolic reac- 
tions. The anemic person or the 
person in shock requires consider- 
ably less of the anesthetic than a 
normal person. The technic of “sec- 
ondary saturation” in nitrous oxide 
anesthesia involves the superimposi- 
tion of acute marked anoxia upon 
a baseline of nitrous oxide anes- 
thesia and may cause profound and 
prolonged depression. There is evi- 
dence from experiments with ani- 
mals to show that reduction in 
oxygen tension, reflexly 
blood pressure, or hemorrhage will 
increase the prevailing depth of 
anesthesia. If only for the sake of 
knowing the depth of anesthesia, it 
becomes incumbent upon us not to 
superimpose anoxia upon anesthe- 
tized patients. The disorganization 
of brain function due to anesthesia 


_is sufficiently unphysiologic for 


further disorganization not to be 
added to it by anoxia. 

There should be positive physi- 
ologic evidence, aside from the fact 
that we customarily breathe 20 per 
cent oxygen, of the harmful effects 
of the use of anoxic anesthetic mix- 
tures for more than a very short 
time. The table shows the altitudes 
and oxygen concentrations at which 
significant changes occur in body 
functions in the unanesthetized 
state. There is no evidence that 
anesthesia decreases susceptibility to 
anoxia, although anesthesia does 
mask certain normal responses to 
anoxia. 

The brain suffers progressive de- 
pression from anoxia, and _ loss 
of consciousness occurs with the 
breathing of 12.8 to 9.0 per cent 
oxygen. Respiratory movements 
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fail on 8 per cent oxygen, and 
cardiac crisis occurs with 6 to 7 
per cent oxygen in inspired air. 

Special surgical conditions may 
produce anoxia insofar as they in- 
terfere with adequate respiration: 
operations on the heart and lung 
when the chest wall is opened; the 
prone position; the lateral position, 
particularly with use of the kidney 
lift; a steep Trendelenburg position 
with laparotomy packs. 

One subject remains to be con- 
sidered, and that is the influence of 
the anesthetic agent upon the re- 
flexes initiated by the action of 
anoxia on the carotid and aortic 
bodies. In some cases these re- 
sponses are markedly altered or de- 
pressed, so that the reflex responses 
to anoxia may be weakened or ab- 
sent. Nitrous oxide and ethylene 
apparently have little or no effect 
on these reflexes. Diethyl ether de- 
presses the responses of the carotid 
bodies to anoxia, the respiratory 
response being less affected than the 
blood pressure reflexes ; the pressor 
effect of anoxia may be lost during 
deep ether anesthesia. Chloroform 
abolishes the responses, both respir- 
atory and circulatory, of the carot- 
id body to anoxia. Evipal and 
pentothal sodium tend:to exaggerate 
the respiratory and circulatory re- 
sponses to anoxia during anesthesia 
of moderate depth, but the respira- 
tory responses are abolished by deep 
anesthesia, while the blood pressure 
responses are preserved ; in animals 
the respiratory responses are pre- 
served in deep anesthesia as well. 
The administration of oxygen dur- 
ing deep: pentothal sodium anes- 
thesia may cause “oxygen apnea.” 
Cyclopropane depresses all the re- 
sponses initiated by anoxic chemo- 
receptor stimulation. Morphine 
tends to exaggerate the responses, 
both respiratory and circulatory, of 
the carotid body to anoxia. 
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SUMMARY AND CONCLUSIONS 


Although the human body is 
somewhat tolerant to mild degrees 
of anoxia, it may be difficult, par- 
ticularly in a patient under anes- 
thesia, to ascertain the existence of 
under-oxygenation by changes in 
the blood or by reflexes, except by 
use of blood-oxygen determinations 
or by the Millikan oximeter. Be- 
cause of the risks of permanent 
cerebral or cardiac damage, the use 
of anoxic gas mixtures is not justi- 
fied. The use of anoxic mixtures of 


nitrous oxide or ethylene to facili- 


tate induction or relaxation is not 
justified in the light of present day 
usage of adequate premedication 
and balanced or combined anes- 
thesia. Either anoxia or anesthesia 
is capable of depressing the psychic 
and vital functions of the brain and 
the effectiveness of the circulatory 
and respiratory systems. Anoxia 
and anesthesia have additive effects 


that are cumulative. 
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SOME PHYSIOLOGIC RESPONSES 
AFFECTING ANESTHESIA 


Morgan L. Allison, D.D.S.* 
Columbus, Ohio 


This article is primarily a review 
of physiologic conditions and re- 
sponses that may be influenced by 
anesthetic agents and that may in- 
fluence the choice of the anesthetic 
agent used. The administration of 
every anesthetic is an experiment 
in human physiology. The anes- 
thetist is the only person permitted 
to do human experimentation as a 
routine part of his work. Each an- 
esthetic administered is a different 
problem in physiology, and every 
anesthetic is a major procedure re- 
gardless of the length of time of 
anesthesia, the general condition of 
the patient, and the surgical pro- 
cedure. For these reasons we al- 
ways observe and appraise the 
responses of the patient to the an- 
esthetic agents, fluids, and drugs 
administered, oxygenation of the 
blood, and removal of carbon diox- 
ide from the system... 
under.normal circumstances is reg- 


RESPIRATION AND RESPIRATORY 
REFLEXES 


Respiration and the respiratory 
reflexes are the most important 
physiologic signs used during anes- 
thesia. Inspiration normally is ac- 
tive, produced by contraction of the 
diaphragm and the intercostal mus- 
cles ; expiration normally is passive, 
owing to relaxation of inspiratory 
muscles and collapse of the chest 
wall. The control of respiration 


Read before the Ohio State Association of 
Nurse Anesthetists, Columbus, April 8, 1948. 

*Department of Anesthesia, Ohio State Uni- 
versity. 


ulated by carbon dioxide tension. 
The number of molecules of carbon 
dioxide within each cell of the res- 
piratory center determines the ac- 
tivity of the center, and this number 
is determined by the carbon dioxide 
tension of the blood. Carbon diox- 
ide in small doses or a slight in- 
crease in the carbon dioxide tension 
of the blood is stimulating to the 
respiratory center and thus stimu- 
lates respiration. An increase of 
0.3 volumes per cent of carbon di- 
oxide in the blood will often double 
alveolar ventilation, whereas a sim- 
ilar decrease of carbon dioxide in 
inspired air. may be followed by 
apnea.+® On the average anesthetic 
machine with the usual soda lime 
method for removal of carbon diox- 
ide and under optimal conditions, 
the carbon dioxide concentration in 
the inspired air is 0.1 per cent to 
0.3 per cent. Therefore, the respira- 
tion of the patient will be stimulated 
depending on the individual, the 
preoperative medication, the depth 
of anesthesia, and the efficiency of 
the carbon dioxide absorbing agent. 


Abnormal conditions frequently 
are present during anesthesia, and 
they may affect respiration. Hy- 
poxia always depresses the respira- 
tory center, but it may increase res- 
piration by reflex stimulation of the 


1. Schmidt, C. F., and Comroe, J. H.: The 
functions of the carotid and aortic bodies. 
Physiol. Rev. 20:115, 1940. 

2. Bard, P.: MacLeod’s Physiology in Mod- 
ern Medicine, ed. 9 (St. Louis: C. V. Mosby 
Co., 1941) pp. 564, 575, 584, 664. 

3. Best, C. H., and Taylor, N. B.: Physio- 
logical Basis of Medical Practice, ed. 4 (Balti- 
more: Williams & ‘Wilkins Co., 1945) pp. 346, 
349, 
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chemoreceptors in the carotid body. 
In severe hypoxia, regulation of res- 
piration will be taken over by the 
chemoreceptors, mainly those in the 
carotid body. The chemoreceptors 
are not affected-by the presence of 
normal blood oxygen tensions, but 
they do not regulate respiration un- 
der such conditions. They are 
stimulated by hypoxia or low blood 
oxygen tensions. 


In severe hypoxia the respiratory 
center is depressed, and the chem- 
oreceptors regulate respiration. Un- 
der such conditions, if a breath of 
pure oxygen is given, the patient 
may stop breathing. This is oxygen 
apnea.** The breath of oxygen will 
increase blood oxygen tensions suf- 
ficiently to remove the stimulus to 
the chemoreceptors, and yet it is 
not sufficient to relieve the depres- 
sion of the respiratory center. Also, 
the carbon dioxide tension of the 
blood may be lowered sufficiently to 
be ineffective as a stimulus to res- 
piration. The patient will not 
breathe voluntarily until the respira- 
tory center depression is overcome 
and the blood carbon dioxide tension 
is increased, It is necessary to main- 
tain artificial respiration or con- 
trolled respiration by positive pres- 
sure with oxygen until these condi- 
tions are established. This situa- 
tion occurs most often after nitrous 
oxide-oxygen anesthesia using high 
percentages of nitrous oxide. It 
may also occur after hypoxia caused 
by respiratory tract obstruction, al- 
though in such a case the blood car- 
bon dioxide tension is not lowered. 
Under the same conditions, the 
pressoreceptors carotid 


4. Van Liere, E. J.: daisies Its Effect on 
the Body ge ee University of Chicago 

5. Bard, op. ae p. 584. 

6. Schmidt, C. F., and Comroe, J. H.: 
Science 92 :510, 1940. 
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sinus are highly excitable. Any se- 
vere stimulation of these receptors, 
by direct trauma or by pressure ex- 
erted by the anesthetist in attempt- 
ing to hold the tongue forward by 
pressure on the angle of the mandi- 
ble, may cause a reflex drop in 
blood pressure. This will increase 
the anoxia of the brain and the 
heart, and such serious depression 
may occur as to cause irreversible 
changes in the patient’s condition.® ® 

Cyanosis is not a measure of an- 
Oxia. Cyanosis is a color. A pa- 
tient will be cyanotic when he has 
5 Gm. unoxygenated hemoglobin 
per 100 cc. blood. 

In polycythemia, the patient may 
be cyanotic and yet adequately oxy- 
genated with sufficient blood oxy- 
gen tensions. The anemic patient 
may never become cyanotic, and 
yet he may suffer from an insuff- 
cient supply of oxygen to the tis- 
sues. This is because he cannot 
have 5 Gm. reduced hemoglobin 
per 100 cc. blood. 

Severe pain and generalized ex- 
citement may cause _ hyperpnea, 
which if prolonged will result in 
hypocapnia. Sudden relief from 
pain‘ by an anesthetic may result in 
apnea, since the respiratory stimu- 
lus of carbon dioxide has been re- 
moved by the hyperpnea. Such a 
condition most often will occur in 
children or excitable adults after 
severe trauma or apprehension. A 
child may come to the operating 
room struggling and screaming and 
in a state of excitement with rapid 
and deep breathing so that he is 
hyperventilated and the blood level 
of carbon dioxide is very low. 
When an anesthetic is administered 
to such a patient, the stimulus (pain 
or excitement) for respiration is re- 
moved. The normal stimulus for 


~ 8. Bard, P.: op. cit., pp. 664, 665. 

9. Goodman, L., an Gillman, A.: Phar- 
macological Basis of (New York: 
The Macmillan Co., 1947) p. 86. 
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respirdtion is missing because the 
patient has hyperventilated and low- 
ered his blood carbon dioxide ten- 
sion, removing the stimulus. Such 
a situation may also occur in the 
emergency room when a child is 
brought in after a painful accident. 
Before an anesthetic is adminis- 
tered to such a patient, it is impor- 
tant to have a means of administer- 
ing oxygen with artificial respira- 
tion immediately available. This 
apnea is self limiting and will be 
overcome. Apnea is particularly 
dangerous in patients with cardiac 
disease who cannot tolerate any de- 
gree of hypoxia. Precautions should 
be taken before administering pen- 
tothal sodium to such a patient, be- 
cause the state of excitement may 
cause the patient to require a larger 
amount of the drug than usual. 
Then, when the pain or apprehen- 
sion is removed, the blood concen- 
tration of the drug may be sufficient 
to cause prolonged respiratory de- 
pression and apnea. 


Coughing is a protective mech- 
anism by which the body is able to 
expel foreign material from the 
trachea. The vocal cords are held 
together tightly, and the intratho- 
racic pressure is increased tremen- 
dously. Suddenly the cords open, 
and the air in the lungs is expelled 
with explosive violence. Under an- 
esthesia the cough reflex is changed 
to breath-holding or deep active ex- 
pirations. This helps to counteract 
respiratory depression of the cen- 
tral nervous system. Under deep 
anesthesia direct irritation of the 
respiratory passage, e.g., with ether, 
may keep the patient breathing. A 
change to a nonirritating anesthetic 
agent will remove this stimulus and 
may cause apnea that will be fatal 
if artificial administration of oxy- 
gen is not begun.?° 


10. Bard, P.: op. cit., p. 599. 
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The cough reflex disappears un- 
der anesthesia, first in the upper 
respiratory passages and last, under 
very deep anesthesia, in the lowest 
portion of the respiratory passages. 
Because of this, a patient may be in 
surgical anesthesia and well re- 
laxed, yet he will cough when an 
intratracheal tube is inserted be- 
cause of the stimulus to the trachea 
where reflex irritability has not dis- 
appeared. Such stimulation often 
changes a smooth anesthetic pro- 
cedure into a struggle between the 
patient and the anesthetist that may 
end only when the patient is fully 
conscious. Cocaine, 4-10 per cent, or 
pontocaine, 2 per cent, sprayed on 
the vocal cords and into the trachea 
under direct vision with laryngo- 
scopy a minute before the tube is 
inserted will anesthetize the mucous 
membrance of the passage and will 
reduce reflex irritability and pre- 
vent coughing and biting by the 
patient. After the tube is inserted, 
if the patient is in the first plane of 
anesthesia and bites down, an oro- 
pharyngeal airway should be placed 
in his mouth before the blade of the 
laryngoscope is removed. This pre- 
vents obstruction of the airway by 
closing the lumen in the tracheal 
tube. 

As mentioned before, the cough 
reflex is a protective mechanism. 
The normal cough reflex disappears 
in the second plane of third stage 
anesthesia. However, if a catheter 
is passed down the trachea, it will 
still produce coughing. The deeper 
it is passed into the respiratory 
passages, the stronger the cough be- 
comes. It will bring up secretions 
from deep within the lungs and will 
make it possible to pick up such 
material with the catheter that oth- 
erwise would not be reached. The 
use of topical anesthesia on the 
cords as previously described will 
not remove. this reflex. 
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There are other stimuli which 
may cause coughing during anes- 
thesia, including scraping of the 
periosteum during rib resection and 
dilation of sphincters. 

Bronchiolar spasm may occur 
during anesthesia. It is always a 
difficult problem and is dangerous 
if not recognized. It does occur 
because of allergy, and it may oc- 
cur after the administration of cy- 
clopropane or curare. It is identi- 
fied by maintaining an open airway 
into the trachea and then by the 
pressure required to inflate the 
lungs. Once it has been identified, 
the treatment is oxygen under pres- 
sure or oxygen-helium mixtures un- 
der pressure. Cyclopropane and 
curare should be discontinued." 

Laryngospasm is a_ prolonged 
contraction of the vocal cords. It 
occurs during light anesthesia and 
is caused by irritation of the mu- 
cous membrane of the respiratory 
passages and vocal cords. High con- 
centrations of anesthetic agents, 
pharyngeal airways, the tongue 
touching the pharyngeal walls, and 
blood, mucus, or foreign bodies 
may cause it. Laryngospasm may 
also be caused by reflexes during 
traction on the mesentery, dilating 


of sphincters, stripping of perios- _ 


teum, or any severe manipulation. 
The treatment is to remove the 
cause and to administer oxygen un- 
der pressure. Oxygen-helium mix- 
tures may pass the cords easier than 
oxygen alone. Atropine given in- 
travenously or curare sometimes is 
effective in breaking up laryngo- 
spasm. Atropine may. be given in- 
travenously in doses of grain 1/50 
to 1/75 and repeated if necessary. 
Pentothal sodium does not cause 
laryngospasm but may predispose 
to it. The laryngeal reflexes are not 


. 11. Lundy, J. S.: Clinical Anesthesia (Phila- 
delphia: W. B. Saunders Co., 1942) pp. 441, 
451. 
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abolished ; in fact, they may become 
hyperactive. If mucus, vomitus, or 
another foreign body touches the 
larynx, spasm may result. Irritating 
ether vapor may have the same ef- 
fect. 

Breath-holding occurs during 
light anesthesia when the patient 
objects to the inhalation agent or 
suffers pain from trauma or manip- 
ulation. It occurs during anes- 
thesia of moderate depth from such 
stimuli as stripping the periosteum, 
tugging on the mesentery, punctur- 
ing the pleura in thoracic surgery, 
and dilating sphincters. It will end 
when the stimulus is removed or 
when”the depth of anesthesia is in- 
creased. 


Dyspnea is the sensation of diffi- 
cult breathing with a conscious ef- 
fort to ventilate the lungs. There 
are many causes, but any dyspneic 
patient is a poor risk for general 
anesthesia. Dyspnea in _ patients 
with cardiac disease usually is due 
to their inability to increase the 
depth of respiration and _ corre- 
sponds to a diminished vital capac- 
ity. The closer the tidal volume 
approaches the vital capacity, the 
more dyspneic the patient becomes. 
More will be said of dyspnea when 
the heart is discussed. 


Pneumothorax is the condition in 
which the pleural space communi- 
cates with the air. It can be acci- 
dental or surgical. Pneumothorax 
removes the normal negative pres- 
sure of the chest, allows the lung 
to collapse, and allows the media- 
stinum to move toward the opposite 
side. During thoracic surgery these 
conditions will occur if precaution 
is not taken to prevent them. The 
shift of the mediastinum to the 
closed side reduces vital capacity, 
causes torsion of the large vessels, 
and places the heart in an abnormal 
The mediastinum will 
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change position with each respira- 
tion, and this may lead to heart 
failure. 


Paradoxical respiration may oc- 
cur when pneumothorax is present. 
During inspiration, air is drawn 
from the lung on the open side into 
the lung on the closed side; during 
expiration the reverse occurs. The 
exchange of gas between the lungs 
and the atmosphere is diminished, 
and anoxia and hypercapnia may 
result. 


The treatment for paradoxical 
breathing and mediastinal shift is 
positive pressure. There are two 
schools of thought on the effects of 
pulmonary positive pressure. One 
is that 8 mm./Hg pressure is neces- 
sary to maintain the oxygen tension 
of the blood and. to prevent medi- 
astinal shift and paradoxial breath- 
ing. The other group believes that 
8 mm./Hg pressure will reduce 
venous return and cardiac output 
and that cardiac failure may follow. 
The amount of positive pressure 
necessary to satisfy both conditions 
is the amount of pressure necessary 
to expand the lungs sufficiently to 
prevent mediastinal shift and para- 
doxial breathing and to provide sat- 
isfactory blood oxygen tensions. 
This amount of pressure is deter- 
mined by observing the lung expan- 
sion and mediastinal movement, the 


pulse rate and blood pressure 
changes, and the color of the 
patient. 


Pneumothorax diminishes reserve 
air and reduces the tidal volume. It 
also interferes with venous return 
because of the loss of the pumping 
action of negative intrathoracic 
pressure. Closure of a_ thoracic 


opening should be made at the end 
of expiration so that the intrathor- 
acic pressure will be subatmospheric 
on inspiration and assure expansion 
of the lung. 
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Tension pneumothorax occurs 
when there is a valvelike opening 
into the chest so that air can enter 
the chest on inspiration but cannot 
escape on expiration. Collapse of 
the lung on the affected side is fol- 
lowed by increased intrathoracic 
pressure on this side. This pushes 
the mediastinum to the unaffected 
side, and the lung on the unaffected 
side will be compressed. This con- 
dition may lead rapidly to a fatal- 
ity. Such a wound requires im- 
mediate treatment: A large gage 
needle should be inserted into the 
pleural cavity on the affected side. 
A rubber finger cot is tied over the 
hub of the needle and the tip cut 
from the finger. This will permit 
air to come out of the chest through 
the needle on expiration, but it will 
prevent air from entering the chest 
through the needle on inspiration. 
This will prevent an increase in in- 
trathoracic pressure until the con- 
dition can be corrected by surgery. 


Tension pneumothorax can re- 
sult from closure of the chest wall 
after surgery or from a perforation 
of lung tissue during surgery. The 
latter condition is not so easily diag- 
nosed. The lung tissue acts as a 
valve admitting air into the pleural 
space on inspiration. On expira- 
tion the opening collapses and pre- 
vents the escape of air from the 
pleura. In this manner tension 
pneumothorax occurs from inside 
the chest, and anoxia develops. Im- 
mediate treatment is the same as 
that previously described. 


In thoracic or upper abdominal 
surgery when the pleura is punc- 
tured either intentionally or acci- 
dentally, the patient may hold his 
breath or cough even though he is 
in deep anesthesia. It may also 
cause cardiac slowing and a de- 
crease in blood pressure. These 
changes are self limiting and will 
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usually correct themselves when the 
stimulus has passed. 

A rise in body temperature in- 
creases body metabolism and the 
oxygen demand of the _ tissues. 
There is a 7 per cent increase in 
metabolic rate for every degree of 
temperature increase. This is most 
important when open drop ether or 
nitrous oxide-oxygen is used.!* In 
such instances, the oxygen content 
of the inspired air should be in- 
creased. With the open drop sys- 
tem, oxygen insufflation should be 
used. Except in experienced hands, 
nitrous oxide-oxygen is contraindi- 
cated as the primary anesthetic for 
patients with a high metabolic rate. 


CIRCULATION AND CIRCULATORY 
REFLEXES 


In addition to respiration, the cir- 
culatory system and its reflexes are 
of importance to the anesthetist. 
The pulmonary and portal systems 
are not easily observable, and the 
peripheral circulatory system is our 
principal concern. Blood pressure 
and pulse pressure and the rate, 
rhythm, and quality of the pulse are 
the main signs of the condition of 
the circulation. Arterial blood pres- 
sure is modified by many factors, 
the principal ones being the rate of 
the heart, stroke volume of the 
heart, and the peripheral resistance. 
Inspiration is accompanied by a 
negative intrapleural pressure and 
increases the venous return to the 
heart. The respiratory movements 
act as an accessory heart. 

Nervous control of the blood ves- 
sels is both sympathetic and para- 
sympathetic. Parasympathetic im- 
pulses cause constriction of the 
coronary vessels, while sympathetic 
impulses cause constriction of pe- 
ripheral vessels. It is important 


12. Best, C. A., and Taylor, N. B.: op. cit., 
ool. 
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that the correct drug be used for 
vasopressor action, because con- 
striction of the coronary vessels of 
patients with cardiac disease and 
constriction of the coronary vessels 
of any patient with anoxia may be 
fatal. 

The blood pressure is normally 
regulated from the vasomotor cen- 
ter through reflexes from pressore- 
ceptors (and chemoreceptors to a 
lesser extent) in the carotid sinus 
and the aortic arch. The center is 
also influenced by changes from 
normal carbon dioxide and oxygen 
tensions of the blood and pH, as 
well as heat and cold, pain, emo- 
tion, and drugs, including anesthetic 
agents. 


The control of heart rate is nor- 
mally a balance between symp- 
thetic and parasympathetic influ- 
ences. The first five thoracic sym- 
pathetic nerves are cardiac: accel- 
erators; the vagus nerve is para- 
sympathetic and slows heart rate. 

There are many influences on 
blood pressure and heart. action 
during anesthesia. Spinal anesthe- 
Sia causes relaxation of the vessels 
of the parts anesthetized and will 
cause a decrease in blood pressure 
by lessening peripheral resistance 
and venous return. If the level of 
spinal anesthesia is high enough to 
affect the upper five thoracic sym- 
pathetic nerves, the cardiac accel- 
erating action is lost, and the heart 
rate slows because the influence of 
the vagus now predominates. Sym- 
pathectomy removes the constrict- 
ing influence of the sympathetic fi- 
bers on the blood vessels they sup- 
ply. This causes a decrease in blood 
pressure, and during second stage 
sympathectomy the decrease may 
be severe. 

During chest surgery when there 
is manipulation of the hilus of the 
lung and during vagotomy when 
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the nerves are sectioned, the vagus 
stimulation: may be so severe as to 
cause partial or complete heart 
block. This may be_ prevented 
by injection of procaine into the 
hilus or around the vagus before 
manipulation or the cutting of the 
vagus. If procaine is not used, at- 
ropine given intravenously will les- 
sen vagal influences and prevent 
slowing of the heart rate. An in- 
travenous infusion of 0.1 per cent 
procaine is also useful. 


Venous return of blood to the 
heart is important to the anesthetist. 
There are two factors that deter- 
mine venous return. The first is 
venopressor action through chemi- 
cal, thermal, or nerve reflexes. The 
second is pressure gradients, which 
are affected by the pressor action 
just described, reduced central ve- 
nous pressure on inspiration, valves 
in the veins, muscular contractions, 
and gravity. The gravity influence 
of a 15 degree Trendelenburg posi- 
tion will move 500 cc. of. blood to 
the thorax and head areas. During 
shock, this helps to maintain the 
blood volumes in the vital centers 
of the heart and brain at the ex- 
pense of the less important and 
more resistant lower extremities. A 
weak heart may be overburdened 
by an increase in venous return 
with decompensation during an- 
esthesia. 


Cardiac decompensation occurs 
when the heart is unable to expel 
the blood returned by the veins. 
Clinical ‘signs of heart failure are 
dyspnea, orthopnea, and edema. 
In left ventricular heart failure, the 
heart is unable to expel the blood 
flowing to it from the pulmonary 
system. This causes congestion of 
the blood vessels of the lungs and 
pulmonary edema with dyspnea, 
the important clinical signs of left 
ventricular heart failure. 


123 


In right heart failure or decom- 
pensation, the volume of blood de- 
livered to the pulmonary system is 
reduced, and the output of’ the left 
heart may equal the volume deliv- 
ered through the pulmonary sys- 
tem. The congestion of the lungs 
is relieved, and the _ patient’s 
dyspnea improves or disappears. 
However, the blood accumulates in 
the veins behind the right heart, and 
edema, ascites, and enlarged liver 
appear. These are the clinical signs 
of right heart failure. The patient 
may look better and feel more com- 
fortable because the dyspnea has 
improved, but his heart is in a more 
serious condition than before. These 
signs should be observed and under- 
stood by the anesthetist before he 
gives such a patient an anesthetic. 
Compensatory factors involved in 
heart failure include cardiac dilata- 
tion and hypertrophy. 


Systolic blood pressure is meas- 
ured by the transmission of a pres- 
sure wave along the arterial wall 
following the systolic ejection of 
blood from the left heart. Diastolic 
pressure is caused by the pressure 
exerted by the elastic tension of the 
vessels and peripheral resistance. 
Pulse pressure is the difference be- 
tween systolic and diastolic pres- 
sure. 


Changes in any of these pressures 
during anesthesia should be ob- 
served and their causes determined 
when possible. Changes in pulse 
pressures occur when there are dis- 
cordant changes in systolic and dia- 
stolic pressures. For instance, an 
increase in peripheral resistance or 
an increase in heart rate will cause 
an increase in both systolic and 
diastolic pressure, but the diastolic 
pressure will usually increase more 
than the systolic so that there is a 
decrease in pulse pressure. An in- 
crease in systolic discharge causes 


. 
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an increase in both systolic and 
diastolic pressures, but the systolic 
pressure increase is greater than the 
diastolic’ so that the pulse pressure 
is increased. An increase in aortic 
volume is associated with a relative 
decrease in_ systolic discharge. 
Therefore, systolic pressure de- 
crease is greater than diastolic pres- 
sure decrease, and the pulse pres- 
sure will be decreased. A decrease 
in arterial distensibility is followed 
by an increase in systolic pressure, 
a decrease in diastolic pressure, and 
an increase in pulse pressure. 


During systole there is little blood 
flow through the coronary arteries. 
It has been said that the nutrition 
of the heart takes place during 
diastole. The aortic diastolic pres- 
sure forces blood through the cor- 
onary arteries while the heart mus- 
cle is relaxed and the vessels can 
be filled easily. Therefore, any sig- 
nificant drop in diastolic pressure 
is dangerous, especially in patients 
with hypertensive or cardiac dis- 
ease. 
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Heart block is a defect in the 
conduction of an impulse from the 
auricle to the ventricle. The rhythm 
of the heart is regulated by im- 
pulses that arise in the sino-auricu- 
lar node and spread across the 
auricles and through the ventricles. 
Trauma, infection, or the loss of 
blood supply to Purkinje’s fibers of 
conduction will cause heart block. 
It is because of this last factor that 
diastolic pressure should be main- 
tained during anesthesia. It is just 
as important to prevent an excite- 
ment state, prevent overburdening 
of the heart, and maintain blood 
oxygen tensions. 


SUM MARY 


The purpose of this article has 
been to outline some of the more 
important physiologic reactions of 
the respiratory and_ circulatory 
systems that should be of interest 
to the anesthetist. It is hoped that 
it may serve as a stimulus for 
further study and clinical research 
in physiology during the .routine 
management of anesthesia. 
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RESPIRATORY AND CARDIAC EMERGENCIES 
DURING ANESTHESIA 


Larry Schull, M.D.* 
Nashville, Tenn. 


I appreciate your kind invitation 
to address this gathering. These 
meetings should help foster the good 
feeling between the nurse anesthe- 
tist and the anesthesiologist that 
some individuals on both sides seem 
intent on destroying. Much remains 
to be achieved in the field of anes- 
thesia, and the rate of advancement 
depends on sincere co-operation 
among us all. In this discussion cer- 
tain conditions will be reviewed that 
we have all observed, and some sug- 
gestions for treatment will be pre- 
sented. 


RESPIRATORY TRACT OBSTRUCTION 


The most common respiratory 
emergency is simple upper respira- 
tory tract obstruction. Most of us 
are so sensitive to its occurrence 
that we can sit in an office on the 
surgical floor and identify a patient 
with obstruction fifty feet down the 
hall. One of the most annoying 
types of simple obstruction is the 
type usually encountered in the 
patient with a short neck and heavy 
jowls. The minute the patient loses 
consciousness, the tongue falls into 
the oropharynx, and the anesthesia 
is too light to insert an oral airway. 
It naturally follows that the induc- 
tion of anesthesia in such a patient 
is prolonged. Adequate respiratory 
exchange may be obtained by insert- 
ing a well lubricated, no. 6 intra- 
tracheal tube that has been cut in 


Read before the Eleventh Annual Meeting of 
the Mid-South Assembly of Nurse Anesthetists, 
Memphis, Tenn., Feb. 9, 1949. ‘ 

*Clinical Instructor in Anesthesia, Vander- 
bilt Medical School. 


half through the nose and into the 
oropharynx. This procedure is also 
effective for a patient who does not 
have adequate respiratory exchange 
with an oral airway and is too 
lightly anesthetized for tracheal in- 
tubation. 

The nasal route of intubation is 
also effective for the patient who is 
not relaxed enough for oral intuba- 
tion. Every anesthetist has had a 
patient who vomited during the 
course of pentothal sodium anes- 
thesia, for example, and whose jaws 
were clamped together. The inser- 
tion of a nasal intratracheal tube 
enables the anesthetist to clear the 
bronchial tree without having to 
wait while the anesthesia is deep- 
ened. 

The presence of mucus and blood 
in the nasopharynx is, unfortunate- 
ly, too familiar to all of us. The 
condition frequently causes pro- 
nounced respiratory tract obstruc- 
tion. This type of obstruction oc- 
curs in several types of cases. It 
occurs when there is a hypersecre- 
tion of mucus in a child who has 
not had atropine in adequate 
amounts. The best means of coping 
with this situation is the judicious 
prophylactic use of atropine. I be- 
lieve that far more children are 
harmed by partial obstruction from 
mucus than from the administration 
of atropine. If excessive amounts 
of mucus are present, the use of a 
suction catheter and suction tip: is 
effective in keeping the pharynx 
clear. This type of obstruction may 
also occur in the patient undergo- 
ing tonsillectomy and adenoidec- 


. 
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tomy. The assistant often cannot, in 
addition to his other duties, keep 
blood out of the lower pharynx and 
trachea. In this type of patient we 
perform pharyngeal and tracheal 
suction under direct vision with the 
laryngoscope at the end of the pro- 
cedure. In each and every case we 
get some bloody debris from the 
trachea. When the patient is an 
older child or an adult, the opera- 
tion is performed under intratra- 
cheal anesthesia, and the airway is 
easily kept clear. 

In this category is a type of 
patient seen occasionally in civilian 
life and commonly during wartime, 
that is, the patient with a maxillo- 
facial injury. If the operation is 
performed under general anesthesia, 
it is imperative that the patient have 
an intratracheal tube in place to 
enable the anesthetist to keep the 
respiratory passages clear. Intuba- 
tion may be done under local anes- 
thesia prior to the induction of gen- 
eral anesthesia, or curare may be 
used with pentothal sodium as the 
anesthetic agent. 

The larynx is the most important 
structure in the respiratory tract 
from the standpoint of both smooth 
anesthesia and the safety of the 
patient. The direct cause of laryn- 
gospasm is parasympathetic stimu- 
lation. This stimulation results from 
mucus around the larynx, traction 
on viscera during light anesthesia, 
incisions during light anesthesia, or 
too large a concentration of the 
anesthetic agent, especially ether. 

Two anesthetic agents predispose 
to the occurrence of laryngospasm. 
These are pentothal sodium and 
cyclopropane. Accordingly, one 
must be constantly on the alert for 
the occurrence of laryngospasm 
when these agents are used. The 
degree of spasm varies from noisy 
stridor to complete occlusion. In 
the presence of any degree of laryn- 
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gospasm, the respiratory tract is 
partially obstructed. A mild degree 
of spasm will interfere with the ex- 
change of gases and prolong the 
induction period. With an increase 
in the severity of the spasm, the 
patient shows increased evidence of 
anoxia and carbon dioxide reten- 
tion, which in itself increases the 
spasm. The presence of either of 
these conditions for any length of 
time is detrimental to the patient. 


The treatment of laryngospasm 
varies with the cause, and fre- 
quently several corrective measures 
are necessary. The surgeon should 
stop operating until the anesthesia 
can be deepened. When pentothal 
sodium is being used, more of the 
drug should be given to deepen the 
anesthesia, and the bag pressure 
should be increased to force more 
oxygen through the cords. If the 
spasm persists, curare may be used 
to relax the cords. If the spasm is 
due to too high a concentration of 
ether, the bag mixture should be 
diluted. | 


Should the spasm persist after 
these measures have been taken, in- 
tratracheal intubation should be 
performed. When the spasm is too 
pronounced for intubation, a tra- 
cheotomy may have to be done. The 
use of an intratracheal tube makes 
it possible to maintain anesthesia at 
a lighter plane than would be pos- 
sible without the tube, since one 
does not have to deal with spasm. 


Frequently there will be moderate » 


laryngospasm on extubation; this is 
transitory, however, and no treat- 
ment is necessary. 


Obstruction of the lower respira- 


tory tract may be one of several 
types. Obstruction from blood and 
mucus has already been mentioned. 
Not only does such obstruction in- 


- terfere with physiologic functions, 


but it makes maintenance of the 
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anesthesia difficult. The best means 
of combating this complication is 
the use of the intratracheal tube 
and of tracheal suction. The great- 
est need for intratracheal anesthesia 
is in thoracic surgery, especially for 
the patient having suppurative dis- 
ease of the chest, lung abscess, or 
bronchiectasis. This type of patient 
has excessive drainage into the 
bronchial tree, and constant bron- 
chial suction is required. I have 
seen patients who were almost 
impossible to keep asleep because 
of the need for bronchial suction. 
I have also seen sudden rupture of 
an abscess with the spilling of 100- 
200 cc. of foul exudate into the 
bronchus. If an intratracheal tube 
had not been in place, the patient 
would have drowned in his own 
exudate. 

In an operation on a patient with 
pulmonary tuberculosis, it is almost 
obligatory to have an intratracheal 
tube in place so the trachea may be 
kept clear and spread of the disease 
to an uninvolved portion of the lung 
prevented. 

The prompt recognition of these 
conditions will enable the anesthe- 
tist to prevent the occurrence of a 


death, postoperative atelectasis, or 


the spread of a debilitating disease. 

When vomitus is aspirated, al- 
though it may be necessary to per- 
form bronchoscopy, the anesthetist 
may clear the bronchi by tracheal 
suction, with or without a tube. We 
endeavor to have the bronchial tree 
of a child dry before he is returned 
to the ward; we nearly always per- 
form tracheal suction on children. 

Another type of bronchial ob- 
struction results from _ bronchial 
spasm. The condition is character- 
ized by. fixation of the chest in 
expiration, difficulty in expanding 
the chest even -with positive pres- 
sure, and a patent airway. Mild 
obstruction may be identified hy the 
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wheezes and squeaks characteristic 
of asthma. A case report is illus- 
trative: 

A man, aged 55, had a typical asthmatic 
attack during thoracolumbar sympathec- 
tomy. The patient gave no history of 
previous attacks. The attack was con- 
trolled with ephedrine given intravenously. 
Prior to the second stage of the operation, 
he was given pyribenzamine and amino- 
phylline intravenously. During this pro- 
cedure he had no difficulty. 

Bronchiospasm is seen occasion- 
ally during pentothal sodium anes- 
thesia and also when curare is used. 
It has been clinically demonstrated 
that curare causes the release of 
histamine in the body with resultant 
allergic effects. 

A man, aged 35, was admitted for 
tendon repair. Prior to the incision, laryn- 
gospasm developed. The patient was given 
60 units of curare intravenously with im- 
provement. In about two minutes, how- 
ever, he was again having no respiratory 
exchange. Upon laryngoscopy his cords 
were found to be in complete spasm, and 
it was impossible to insert an intratracheal 
tube. A tracheotomy was done, and arti- 
ficial respiration was attempted, but it 
was not possible to inflate his lungs. He 
was given 50 mg. ephedrine intravenously 
with immediate relaxation of the spasm, 
and respiration was again possible. 

When curare is used, bronchio- 
spasm is more common if the patient 
is awake. In treating tetanus with 


curare, one must be especially vigi- 


' lant for the occurrence of bronchio- 


spasm and have ephedrine as well 
as prostigmine on hand. 


RESPIRATORY IRREGULARITIES 


Respiratory irregularities are 
often the source of great concern 
to the anesthetist. Such irregulari- 
ties occur most frequently in tho- 
racic surgery and neurosurgery. 
When apnea occurs for any reason, 
the anesthetist should take imme- 
diate steps to ascertain the cause. 
We are all familiar with the occur- 
rence of hyperventilation during in- 
duction or maintenance of anes- 
thesia followed by a period of 
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apnea. The cause, of course, is the 
elimination of carbon dioxide. Dur- 
ing this type of apnea the patient’s 
color is pink, and respiration begins 
spontaneously. 

In thoracic surgery the irregu- 
larities usually begin with the strip- 
ping of the periosteum. In nearly 
every patient I have seen, this pro- 
cedure results in a short period of 
apnea that ends as soon as. the 
procedure is completed. When the 
chest is opened, respiration becomes 
labored, and there may be some 
cyanosis. The use of positive pres- 
sure anesthesia frequently corrects 
the condition, and the patient will 
tolerate the open chest well. An oc- 
casional patient will not have ade- 
quate respiratory exchange even 
with the use of positive. pressure, 
and reinforced respirations by 
gentle bag pressure to aid aeration 
are indicated. In some cases it may 
be necessary to take over the respi- 
ration completely and give con- 
trolled respiration. 

When the surgeon is dissecting 
tissue around the hilus, breath-hold- 
ing is common and is usually cor- 
rected by deepening the anesthesia. 
Most of these irregularities are 
self limited, and the color remains 
good. 

During neurosurgical procedures 
one may expect all sorts of aberra- 
tions in respiration from the begin- 
ning of the induction. The patient 
having increased intracranial pres- 
sure presents the most serious prob- 
lem. Such a patient will occasion- 
ally begin to have Cheyne-Stokes 
respiration as soon as the anesthesia 
is started. There is nothing to be 
done for this condition. The irreg- 
ularity may disappear when the 
cranium is opened and the increased 
intracranial pressure relieved. When 
the operative procedure is in the 
region of the cerebellum and third 
ventricle, any sort of respiratory 
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irregularity may be expected; such 
irregularities are due to traction on 
the medulla. The anesthetist should 
be prepared to assist the respiration 
at any time by having an intratra- 
cheal tube in place. This prepara- 
tion enables the surgeon to proceed 
with the operation with a minimum 
of disturbance. The patient may 
suddenly stop breathing at the end 
of the operation although the pulse 
remains strong; here again it is 
necessary to give artificial respira- 
tion until a ventricular needle can 
be inserted and fluid removed. In 
addition it may be necessary to place 
the patient in a respirator to return 
him to his room. After such a 
procedure an intratracheal tube 
should not be left in place for longer 
than four or five hours, since 
laryngeal edema will result. 

Even when regional anesthesia is 
used, respiratory difficulty may oc- 
cur. During spinal anesthesia the 
level of the anesthesia must be 
watched carefully. During high 
spinal anesthesia the intercostal 
muscles are paralyzed; the patient 
may feel short of breath, and it is 
necessary to give oxygen. The level 
of spinal anesthesia may be high 
enough to paralyze all the inter- 
costal muscles and the diaphragm. 
When this occurs, it is necessary to 
perform intubation and give arti- 
ficial respiration. In England this 
is the procedure used for some 
operations. Needless to say, it is 
somewhat distressing to the anes- 
thetist. 

An ever present danger isthat of 
a sensitivity reaction to a local anes- 
thetic agent. The reaction may be 
severe, with convulsions, cessation 
of respiration, and shock. Therapy - 
must be instituted promptly and 
should include barbiturates given 
intravenously, artificial respiration, 
and ephedrine. Means for carrying 
out such therapy should be avail- 
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able whenever and wherever local 
anesthetic agents are used. 

The treatment of respiratory 
emergencies is important not only 
because of their effects per se, but 
also because of their effects on the 
circulation. The maintenance of one 
function depends on maintenance 
of the other; however, the patient 
is better able to tolerate lack of 
respiration than lack of circulation. 


CARDIOVASCULAR EMERGENCIES 


We have two very important 
guides to the condition of the cir- 
culation: the pulse and the blood 
pressure. By measuring these and 
correlating the measurements, we 


have a good idea of the condition 


of the vascular system of the 
patient. The record, of pulse and 
blood pressure is a drawing of the 
circulatory status. 

A record showing a. decreasing 
blood pressure with decreased pulse 
pressure and tachycardia means one 
thing: shock. The patient begins to 
perspire freely and looks pale; the 
pulse becomes less perceptible to 
palpation; respiration may show 
evidence of air hunger. Why is the 
patient in a state of shock? This 
condition is not always due to loss 
of blood; it may be due to several 
other factors, such as trauma from 
the surgical procedure or too deep 
a level of anesthesia. 

We have all seen the patient who 
has not lost appreciable amounts of 
blood but whose blood pressure 
steadily decreases; also, according 
to accepted criteria, the level of 
anesthesia is not deep, and the op- 
eration is performed with a mini- 
mum of trauma. It is amazing how 
quickly such a patient will respond 
to a transfusion. | 

In preparation for all major pro- 
cedures, especially for thoracic 
surgery and neurosurgery, a needle 
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should be inserted into a vein. Blood 
spurting from a pulmonary artery 
or a major vessel is a startling sight. 
Here it is not a question of minutes 
but of seconds. The blood pressure 
may decrease from 120-80 mm. Hg 
to being imperceptible while it is 
being measured. For this type of 
operation a 15 to 17 gage needle 
should be in a vein, blood should be 
available in the operating room, and 
the anesthetist should be prepared 
to take over respiration at any 
moment. If positive pressure is be- 
ing used, blood pressure may de- 
crease and tachycardia occur as a 
result of the resistance to the pul- 
monary circulation and poor filling 


: of the heart. 


During operations on the brain 
there is frequently a gradual de- 
crease in blood pressure. The neuro- 
surgeon usually prefers to have the 
blood pressure low since decreased 
bleeding facilitates the operation 
and hemostasis. However, the 
blood pressure should not be al- 
lowed to decrease below 80-90 mm. 
Hg systolic. Once the intracranial 
part of the procedure is finished, the 
blood pressure should be increased 
as rapidly as possible. 

In other cases of shock steps 
should be taken to return the blood 
pressure to normal levels as rapidly 
as possible, for a patient does not 
tolerate shock for any length of 
time. The first organs to suffer are 
the kidneys with danger of per- 
manent damage; even if this does 
not happen, a stormy postoperative 


\ course will ensue. 


When low blood pressure is due 
to too deep a level of anesthesia, 
the anesthesia should be lightened 
immediately. No surgeon should 
demand a depth of anesthesia that 
produces shock. 

Hypotension with a_ decreased 
pulse pressure and bradycardia is 
associated with the decrease in 
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blood pressure during spinal anes- 
thesia. ‘Prophylaxis for the condi- 
tion is the administration of ephe- 
drine-prespinally before a decrease 
in blood pressure occurs. 

If this situation does occur, the 
best treatment is the use of ephe- 
drine, 25-50 mg., or neosynephrin, 
5-10 mg., to increase the pressure to 
normal levels. If this is not effective, 
the administration of plasma or 
even blood may be necessary. As a 
matter of fact, if the use of these 
drugs does not increase the pressure 
to normal levels in fifteen to twenty 
minutes, plasma should be given. 


Hypotension associated with. 


traction on viscera is usually sud- 
den and is associated with brady- 
cardia. It is usually relieved with 
the release of the traction; if it 
persists, it is wise to resort to the 
use of vasopressor drugs. 

One of the commonest causes of 
hypertension is the accumulation of 
carbon dioxide. This type of hyper- 
tension is usually associated with 
no change in the pulse except an 
increased volume. 

The accumulation of carbon di- 
oxide is not always associated with 
deficient soda lime but may occur 
when the respiration is depressed 
by deep anesthesia or any. other 
cause. If the bag is flushed out 
with oxygen to remove excess car- 
bon dioxide and the anesthesia is 
lightened, if deep anesthesia is re- 
sponsible, the blood pressure will 
return to normal limits. Hyperten- 
sion with increased pulse pressure 
and tachycardia is most frequently 
associated with anoxia and asphyxia 
and should be corrected immedi- 
ately. 

Arrhythmias are a source of 
great concern to the anesthetist. 
One of the commonest is premature 
contraction of the heart, or extra- 
systoles, and is most prone to occur 
in patients having previous cardiac 
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disease. The type of arrhythmia 
may range from extrasystoles to 
ventricular fibrillation. 

The causes of the arrhythmias 
are respiratory depression from any 
cause, use of epinephrine in con- 
junction with anesthetic drugs, too 
deep anesthesia, and.vagal stimula- 
tion surgical procedures 
around the hilus of the lung, espe- 
cially during cardiac surgery. 

The best treatment is to lighten 
the anesthesia and, if necessary, 
change the agent. The greatest in- 
cidence of arrhythmias occurs dur- 
ing cardiac surgery. There may be 
sudden cardiac standstill that clears 
up as soon as traction on the heart 
is released and the heart is mas- 
saged. One of the best means. of 
combating the condition is for the 
surgeon adequately to procainize 
the heart. The same effect may be 
obtained by giving 0.1 per cent pro- 
caine intravenously in 1,000 cc. of 
normal saline. The rate of flow to 
prevent arrhythmias varies with the 
individual requirement of the pa- 
tient. The amount given should be 
kept below that which will produce 
facial twitching. Since procaine is 
a cortical convulsant, it must be 
used with great care. 

I am sure that we have all, un- 
fortunately, experienced that horri- 
fying moment when we have re- 
alized that the patient’s heart has 
stopped. If the chest is open, the 
surgeon is usually cognizant of the 
fact and can institute gentle cardiac 
massage. The anesthetist should 
start artificial respiration immedi- 
ately. If the chest is not open, the 
surgeon can carry out massage 
through the diaphragm, either open 
or closed, for at least twenty or 
thirty minutes. By careful vigi- 
lance and the maintenance of an 
adequate airway and veinway, the 
anesthetist can meet any emergen- 
cy that occurs and usually win. 


\ 
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CURARE 


Ruth C. Martin, M.D.* 
Durham, N. C. 


HIsTORY 


Curare, or Indian arrow poison, 
has been used for many generations 
by various savage tribes, partic- 
ularly the South American Indians. 
It has been known to medical sci- 
ence for about 100 years. It was 
first described by Hakluyt in his 
Voyages and Discoveries, in which 
he related how Sir Walter Raleigh 
in 1595 met Indians of the Upper 
* Amazon and brought back curare as 
well as tobacco to England. 

South American natives still use 
gum curare upon arrow tips to 
paralyze game in hunting. The edi- 
bility of the animal is not impaired, 
since curare is innocuous when 
taken into the alimentary tract. 
Either it is destroyed in the intesti- 
nal tract, or absorption is so slow 
that effective concentrations are not 
reached in the blood stream. 

In 1815 Watterton and Brodie 
demonstrated asphyxia to be the 
cause of death in curarized animals. 

In 1840 Claude Bernard demon- 
strated that the site of action of 
curare is at the myoneural junction. 
Bernard showed: (1) that the drug 
must enter the body by some route 
other than the alimentary tract in 
order to be effective, (2) that the 
sensory mechanism is not affected, 
(3) that the action of the drug pro- 
duces no irreversible change in the 
muscle or the nerve, and (4) that 
the cardiovascular system is not di- 
rectly affected by the drug. 
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In 1938 Richard C. Gill, an Amer- 
ican who had lived for years in the 
upper Amazonian jungles of Ecua- 
dor, brought to the United States 


- the first adequate supply of the drug 


with properly labeled specimens of 
the various plants that are used by 
the Indians in the manufacture of 
crude curare. Professor A. R. Mc- 
Intyre of the University of Ne- 
braska then subjected this supply of 
curare to the first pharmacologic 
study by modern methods. The com- 
mercial product first placed on the 
market bears the trade name of 
Intocostrin. Intocostrin, a pale am- 
ber liquid, is marketed in 10 cc. 
vials, each cubic centimeter of 
which contains 20 mg. of active 
curare substance. When Intocostrin 
is used, the terms milligrams and 
units are used interchangeably. 
More recently a purified product 
known as d-tubocurarine has be- 
come available. Most pharmaceuti- 
cal houses marketing d-tubocurarine 
prepare solutions in such a way that 
1 cc. of the liquid contains an 
amount of crystalline alkaloid 
equivalent to 20 units of Intocos- 
trin; only 2.7 mg. of the alkaloid 
salt of curare is present in each 
cubic centimeter. 


The assay method depends upon 
the fact that the voluntary muscula- 
ture is selectively affected ; the short 
muscles of the eye and neck, i.e., 
muscles of high chronaxia, are af- 
fected first. The curare solution is 
injected slowly into an ear vein of a 
rabbit and the dose adjusted so that 
the neck muscles reach a degree of 
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flaccidity that prevents the animal 
from raising its head. The amount 
per kilogram necessary to produce 
this effect is estimated and the dos- 
age figured according to the body 
weight of the animal. 

The first large scale test of curare 
on human subjects was made by 
Professor A. E. Bennett of the Uni- 
versity of Nebraska; he used it to 
soften the traumatic effects of con- 
vulsive shock therapy in psychiatric 
patients. 

In 1942 Dr. Harold Griffith at 
the Homeopathic Hospital of Mon- 
treal began using curare in patients 
under cyclopropane anesthesia. 


PHARMACOLOGY 


Curare, acting peripherally, para- 
lyzes skeletal musculature progres- 
sively and quantitatively. The mus- 
cles of cranial innervation are af- 
fected first, then the muscles of the 
trunk and extremities, and last the 
diaphragm. The differential pa- 
ralysis of all somatic muscles ex- 
cept those necessary for respira- 
tion may be produced. ‘The basic 
action of curare is its ability to 
minimize or prevent the response 
of receptor cells to acetylcholine. 
There is no decrease in the amount 
of acetylcholine produced at chol- 
inergic nerve terminals. The effect 
of the drug is directly proportional 
to its concentration at the site of 
action. The action is reversible and 
can be reversed by increasing the 
concentration or the length of ac- 
tion of acetylcholine. One can in- 
crease the concentration or prolong 
the action of acetylcholine by: (1) 
strengthening the nerve impulse, 
(2) adding acetylcholine artificially, 
and (3) inhibiting the action of 
cholinesterase. 

Injection of prostigmine, which is 
known to inhibit cholinesterase, is 
the most convenient method of re- 


J. AM. Assn. NuRSE ANESTHETISTS 


versing the curare effect. The dose 
given is 1-2 cc. of 1 :2,000 or 1 :4,000 
solution of prostigmine methylsul- 
fate. 

If its action were limited to skel- 
etal muscle, curare would be the. 
perfect drug for use in anesthesia. 
However, in increasing dosage it 
appears to affect the autonomic 
nervous system and the central 
nervous system. As you~ know, 
acetylcholine is the chemical trans- 
mitter of impulses at the sympa- 
thetic and parasympathetic gangli- 
ons and is released at the terminals 
of all cholinergic nerves. 

Whitacre and Fisher gave huge 
doses of curare to unanesthetized 
patients and produced complete res- 
piratory arrest and loss of cons- 
ciousness. Artificial respiration was 
instituted and maintained during the 


operative procedures. Their dos- 


ages were approximately four times 
as large as those which we employ. 
They found administration of the 
drug in this manner to be unsatis- 
factory and abandoned the method. 

Electrocardiographic studies of 
normal and of abnormal hearts fail 
to show any influence of the admin- 
istration of therapeutic amounts of 
curare. Large amounts given intra- 
venously in a short time or moder- 
ately large doses given repeatedly 
for a long time may cause peripheral 
circulatory depression and a de- 
crease in blood pressure due to: (1) 
a direct relaxing effect on the 
smooth muscles of the arterioles, or 
due to (2) loss of vasomotor tone 
caused by interference with the 
transmission between preganglionic 
fibers in the sympathetic ganglions, 
or merely as a result of (3) wide- 
spread muscle relaxation with con- 
sequent impaired venous return and 
lowered cardiac output. 

The circulatory depression is usu- 
ally of brief duration, and recovery 
occurs without specific therapy. In 


- 
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patients with labile vascular sys- 
tems it may be profound and re- 
fractory to treatment. 

The amount of curare required 
for relaxation of the abdominal 
muscles causes cessation of peri- 
stalsis of the small intestines for 
two to three minutes and loss of 
tone for about twenty minutes. This 
effect is due: (1) to the direct cu- 
rare effect on isolated gut, and (2) 
to the fact that curare blocks the 
action of the vagus nerve to some 
extent. 

Morphine and cyclopropane ob- 
literate the curare effect on the small 
intestines. 


DESTRUCTION 


There is minimal destruction of 
curare in the liver; most of it is 
excreted unchanged by the kidney. 
Liver and kidney disease have not 
been shown ‘to be contraindications 
to its use. 


TECHNIC OF ADMINISTRATION 


When curare is to be used, atro- 
pine or scopolamine must be given 
prior to its administration, for it 
does not block the muscarinic action 
of acetylcholine, and the secretion 
of a profuse amount of thick tena- 
cious mucus may be troublesome or 
dangerous. The dosage of morphine 
or barbiturates given preoperatively 
will depend on the agent chosen to 
be used with the curare. 

Since curare has no analgesic 
action, it must be used in conjunc- 
tion with some general anesthetic 
agent. As a rule, we use ethylene 


- or cyclopropane to produce lower 


first or early second plane anes- 
thesia. Injected intravenously, cu- 
rare acts within forty to sixty sec- 
onds, and its full effect is produced 
in three minutes. The duration of 
action is about twenty minutes. The 
muscles of the abdominal wall have 
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the same group innervation as inter- 
costal muscles. Therefore, if, by 
the time the peritoneum is reached, 
the intercostal muscles are not 
lagging or retracting slightly on in- 
spiration, another cubic centimeter 
is given. Additional drug is injected 
when needed, but in the average 
case none need be added until the 
peritoneum is to be closed. 

While pharmacologic evidence 
suggests that the excretion of cu- 
rare is very rapid, and that a physi- 
ologic dose may be safely repeated 
within twenty minutes, animal ex- 
periments have shown that the drug 
may have some cumulative action. 
Our own experience indicates that 
adequate relaxation may be obtained 
by a second and subsequent doses 
smaller than the initial injection. 

In debilitated patients or in those 
with very labile blood pressure, our 
initial dose is 1 cc. with subsequent 
doses of the same size given at 
intervals until satisfactory relaxa- 
tion is produced. We do this to avoid 
the circulatory depression that I 
have mentioned. 

If intercostal activity is marked- 
ly impaired, the diaphragm will 
descend in a jerky fashion that is 
troublesome in gallbladder surgery. 
Respiration, if shallow, must be 
supplemented by gentle pressure on 
the breathing bag during the in- 
spiratory phase, for hypoxia will 
cause muscular rigidity even though 
the myoneural junctions have been 
paralyzed. Also, lack of oxygen or 
excess of carbon dioxide will cause 
jerky respiratory efforts in patients 
who have received a dose of curare 
that would otherwise be ample to 
cause apnea. 

If curare is given to a patient too 
lightly anesthetized with a general 
anesthetic, muscular spasms, includ- 
ing bronchiolar spasm, diaphrag- 
matic contractions, and _ slight 
twitchings of the facial muscles, 
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may result. There may be an in- 
crease or decrease in blood pres- 
sure. These signs are indications not 
for more curare but for more anes- 
thetic, for adequate general anes- 
thesia prevents reflex stimulation 
and the nullification of the curare 
effect. 


Ethyl ether, pentothal sodium, 
and avertin have been shown to 
possess curariform properties, in the 
sense that they inhibit the contrac- 
tile response of a muscle in a dog 
to an injection of acetylcholine and 
to an electric stimulation of the con- 
trolling nerve. Of these three anes- 
thetics, ether is the worst offender ; 
high blood concentrations of pen- 
tothal sodium and avertin are re- 
quired to demonstrate this effect. 
When used with avertin or pento- 
thal sodium, the curare dosage re- 
quired for the gases must be cut 
in half; when used with ether, ap- 
proximately one third of the usual 
dose is required. 


PENTOTHAL SODIUM AND CURARE 


If curare is to be used with pento- 
thal sodium, certain things must be 
kept in mind: 


1. Pentothal sodium has a cura- 
riform action of its own; 
hence, curare must be given 
cautiously and in small doses. 


2. Curare depresses respiration 
peripherally owing to its ef- 
fect on the intercostal 
muscles, while pentothal sodi- 
um causes a central depres- 
sion of respiration. 


3. Intocostrin precipitates pento- 
thal sodium. d-Tubocurarine 
does not cause precipitation of 
pentothal sodium, and many 
workers are now advocating 


the use of d-tubocurarine-| 


pentothal sodium mixtures. It 
is claimed by those using such 
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solutions that the curare po- 
tentiates the pentothal sodium 
effect and markedly reduces 
the quantity of -barbiturate 
required. 


ETHER AND CURARE 


In 20 mg. doses, curare improves 
relaxation in first plane, ether anes- 
thesia, while large doses of 100 mg. 
Or more may precipitate severe cir- 
culatory depression. In the presence 
of deep ether anesthesia, even small 
doses of curare may cause marked 
circulatory reactions. In one clinic 
the intravenous injection of 20 mg. 
of curare in one patient in the third 
plane of anesthesia caused complete 
peripheral circulatory failure. The 
circulation was restored by prompt- 
ly decreasing the depth of inhala- 
tion anesthesia. If sufficient ether 
has been given to produce third 


plane anesthesia and relaxation is 


still unsatisfactory, it is probably 
unwise to use curare. 


Uses oF CURARE 


Curare is now used for many pur- 
poses other than to obtain relaxation 
for abdominal surgery. We used it 
in a few instances to produce relaxa- 
tion for the reduction of fractures. 
The only disadvantage to this prac- 
tice is that the procedure is a short 
one, and the patient is allowed to 
wake up before the full curare 
effect has worn off. Inability to 
talk or to focus his eyes for a time 
is disturbing to the patient. 


We believe that laryngoscopy and 
short operative procedures involving 
the larynx can be best performed 
under a combination of topical anes- 
thesia, d-tubocurarine, and pento- 
thal sodium. 

I have mentioned its use in psy- 
chiatry to prevent fractures of the 
long bones and compression frac- 
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tures of the vertebrae during metra- 
zol or electric shock treatment. 


In cases of paralysis agitans, 
athetoid disorders, multiple sclero- 
sis, Huntington’s chorea, spasmodic 
torticollis, etc., curare noticeably 
diminishes the hypertonia, tremor, 
and involuntary motility. 

In spastic children with fixed 
deformity, curare causes a transient 
relaxing effect which reduces the 
inco-ordination, athetosis, and dys- 
arthria and permits carrying out 
‘physical therapy under more favor- 
able conditions. In patients in the 
acute stage of poliomyelitis, curare 
has been used to decrease the nuchal 
rigidity, opisthotonos, and spasms 
of other muscles. 

The drug may be used in minute 
doses in a diagnostic procedure for 
myasthenia gravis and often gives 
a strongly positive test even when 
the opposite prostigmine test is in- 
definite. When it is so used, its 
effect must be promptly terminated 
by the intravenous injection of 
prostigmine, or the patient’s life 
will be endangered. 

Some workers used curare in the 
treatment of hiccoughs and found 
that 40 mg. relieved patients for as 
long as eight hours. 


One gynecologist used curare in 
the treatment of 43 cases of severe 
dysmenorrhea and found that such 
disabilities as cramps, nausea, back- 
ache, and dizziness were relieved 
two to fifteen minutes after intra- 
venous injection of the drug. 


From time to time, since 1894, 
curare has been used in the treat- 
ment of tetanus. We treated three 
patients with it, administering it by 
both the intravenous and the intra- 
muscular route. We found that the 
dosage required was large and that 
the muscular spasms were relieved 
for only two to three hours with a 
single injection. It was necessary 
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to have an anesthetic machine, intra- 
tracheal equipment, and prostigmine 
at hand in case of undue respira- 
tory depression. This tied up too 
much of our equipment and proved 
impracticable. Patients could not be 
kept atropinized for periods of 
days, and the thick, tenacious secre- 
tions that appeared following cu- 
rare injection proved to be both 
troublesome and dangerous. 


Just as we were beginning to be- 
lieve that we understood curare and 
its administration, Landmesser and 
Dripps of the Department of Anes- 
thesia of the University of Penn- 
sylvania further complicated the 
picture by describing the histamine- 
like action of the drug. He found 
that Intocostrin produced typical 
histamine-like wheals when injected 
intracutaneously or intra-arterially 
in man. He postulated that the 
bronchiolar spasms that have been 
reported may be due to this hista- 
mine-like action as well as the de- 
crease in blood pressure following 
injection of large doses of curare. 
The histamine-like actions of curare 
are not antagonized by prostigmine 
since the latter drug overcomes only 
the paralyzing effect upon the 
myoneural junction. Pyribenzamine, 
a new antihistamine agent, is the 
drug of choice at the present time 
for combating such reactions. 


ADVANTAGES 


An evaluation of curare is difh- 
cult at this time because of the 
newness of the drug. We have 
found that: 


1. It is well tolerated by patients 
with severe cardiac disease. 
Blood pressure fluctuation 
rarely occurs in such patients, 
and we have not encountered 
any disturbances in cardiac 
rhythm. 


iJ 
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If the inhalation anesthesia is 
properly managed, curare pro- 
duces relaxation comparable 
to that produced by spinal 
anesthesia. We have had poor 
relaxation in some cases, but 
in retrospect we believe that 
inadequate general anesthesia 
was the reason for this in the 
great majority of such in- 
stances. 


The amount of general anes- 
thesia required is markedly 
reduced, and the patients are 
awake before or shortly after 
they leave the operating room. 


Also, less time is required to 
prepare a patient for opera- 
tion with gas-curare anes- 
thesia than with continuous 
spinal anesthesia. 


DISADVANTAGES 


All signs of depth of anes- 
thesia with inhalation agents 
are lost. The signs which we 
usually rely on are eyeball 
movements and_ respiratory 
activity. The eye muscles are 
paralyzed, as are the inter- 
costal muscles to a lesser de- 
gree. The anesthetist must 
therefore be thoroughly 
familiar with the inhalation 
agent which she is using and 
must develop a seventh sense 
if she is to avoid too deep or 
too light anesthesia and their 
attendant dangers. 


The margin between inter- 
costal and diaphragmatic 
paralysis is often narrow. If 
the diaphragm is paralyzed, it 
is a simple matter to control 
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respirations by gentle pres- 
sure on the breathing bag until 
diaphragmatic function re- 
turns, but an inexperienced 
anesthetist could damage the 
patient’s lungs with this 
maneuver. | 


3. Because of the marked re- 
laxation of the throat muscles, 
an intratracheal tube must be 
quickly inserted in some cases. 
Anesthetists unskilled in in- 
tubation should never give 
curare. The vocal cords are 
paralyzed to some extent, and 
the danger of aspiration of 
stomach content is increased. 
An intratracheal tube with an 
inflatable cuff should be used 
in cases of intestinal obstruc- 
tion or in other cases where 
there is danger of regurgita- 
tion of stomach or intestinal 
contents. 


4. Complications such as bron- 
chiolar spasm must be recog- 
nized at once and properly 
treated. If the blood pres- 
sure increases or decreases, 
the anesthetist must know the 
reason for the change and 
must remedy the situation at 
once. 


SUMMARY 


The use of curare as an adjunct 
to anesthesia places additional de- 
mands on the anesthetist, and in the 
final analysis the success or failure 
of this method, probably more than 
of other methods now in use, de- 
pends more on the skill and knowl- 
edge of the administrator than on 
the drug itself. 
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CEREBRAL MANIFESTATIONS OF ANOXIA 


A Review of the Literature 
PART I 


Florence A. McQuillen, R. N.* 
Chicago 


The dangers of anoxia have been 
apparent since long before the dis- 
covery of surgical anesthesia. The 
immediate consequences of oxygen 
deprivation are sufficiently violent 
and spectacular to elicit prompt 
recognition and corrective meas- 
ures. Asphyxial phenomena are as- 
sociated with situations other than 
anesthesia in so many ways that not 
only the niedical profession but the 
general reading public is constantly 
made aware of its dangers. Entire 
societies have been formed to teach 
the preventive and corrective meas- 
ures necessary in accidental as- 
phyxiation. 

Smoke, poisons, gases other than 
anesthetics, drowning, varying at- 
mospheric pressures, suffocation, 
diseases, and shock are among the 
multitude of causes of anoxia. The 
results of studies made in all of 
these phases of asphyxial incidents 
may be of value to the anesthetist 
in the specific study of anoxia asso- 
ciated with anesthesia. Particularly, 
the studies of anoxia in relation to 
aviation are of interest because 
from them the modifications of 
asphyxial signs that occur as the 
result of anesthesia may be de- 
termined. 


EXPERIMENTAL STUDIES WITH 
ANIMALS 


Experimental studies of anoxia 
and its effect on the cerebral cortex 


Read before the Annual Meeting of the Texas 
Association of Nurse Anesthetists, Galveston, 
April 20, 1949. 

*Executive Director, A.A.N.A.; Co-editor 
Anesthesia Abstracts. 


produced a wealth of information, 
some of it contradictory. Yant et 
al4®! studied the neuropathy asso- 
ciated with carbon monoxide, car- 
bon dioxide, and oxygen-deficient 
atmospheres. Dogs and rats were 
studied in atmospheres containing 
from 2.26 per cent to 8 per cent of 
oxygen for from eleven to twenty- 
five minutes (dogs) and twenty- 
four to seventy-two minutes (rats). 
There was marked difference in the 
susceptibility of the nerve cells to 
deprivation of oxygen; the cells of 
the cortex of the brain were most 
sensitive. Dogs asphyxiated by 
atmospheres deficient in oxygen 
died in less than thirty minutes. 

Weinberger et al’** found that 
following temporary arrest of cir- 
culation of the central nervous 
system, pathologic lesions were evi- 
dent in animals after three minutes 
and ten seconds. Necrosis and soft- 
ening of the cortex were followed 
by more severe damage as the time 
increased, liquefaction resulting 
after seven minutes. 

Hartman,®® in considering the 
etiologic factors in cerebral anoxia, 
concluded that all lesions of the 
cerebral cortex, whether the cause 
is shock, sedation, or fever, are 
rather uniform when all factors are 
considered. 

Gomez and Pike®™ ligated the 
carotid and subclavian arteries of 
animals and found that “with the 
return of the circulation, dilatation 
of the pericellular lymph space and 
slight swelling of the cell body oc- 
curs, disappearing as recovery prog- 
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resses. Chromatolysis . . . induced 
by anemia is not necessarily fatal. 
... Neurones from different regions 
as well as neurones of the same 
regions differ in degree of resistance 
to anemia... . Failure to resuscitate 
animals after anemia of the central 
nervous system is probably due to 
the destruction of many of the cells 
of the vital centers (vaso-motor and 
respiratory) which do not have 
histological peculiarities by which 
they may be defined. Death, how- 
ever, of a few cells of any center 
does not necessarily mean the total 
loss of function of that center since 
the remaining cells may be sufficient 
to discharge the functions of the 
center.”’ 

Gildea and Cobb,** also studying 
the effects of anemia on the cerebral 
cortex in experiments on cats, found 
indications that periods of anemia 
of not more than ten minutes result 
in permanent injury to the cortex 
and not uncommonly in changes, 
that end in death from convulsions 
or failure of the respiratory center. 

Kessler et al,8® who studied the 
effect of anoxic anoxia on the cen- 
tral nervous system in rats, con- 
cluded that the effects were pharma- 
cologic rather than physiologic. 
Thorner and Lewy'*® produced re- 
peated sublethal anoxia in guinea 
pigs and cats. They concluded that 
irreversible, summate lowering of 
the cerebral reserve followed re- 
peated episodes of anoxia. Using 
pure nitrogen in their experiments 
they concluded that guinea pigs, 
immersed in an atmosphere de- 
ficient in oxygen, “behave in a 
somewhat stereotyped manner. 
There is usually an almost imme- 
diate increase in the respiratory 
rate. In from ten and fifteen sec- 
‘onds the animal becomes very ac- 
tive, in another 20 seconds the 


animal shows some arching of the 
neck and then slumps to the floor 


J. AM. Assn. NuRSE ANESTHETISTS 


of the container. The retinal light 
reflex, ear, tongue and mucous 
membranes appear cyanotic. Spas- 
modic movements may be seen, 
varying from isolated chronic 
twitching to generalized convul- 


sions. If the animal is immersed for 


more than-one minute, it is usually 
apneic when removed and must be 
given artificial respiration. ... Ex- 
posures to sublethal periods of pure 
anoxia lead to vascular and degen- 
erative changes in the brains of 
guinea pigs and cats. Some of these 
changes are irreversible and become 
summated in animals repeatedly 
subjected to anoxia.”’ 

Weinberger et al,'°* studying the 
effects of temporary arrest of the 
circulation of cats, found that, fol- 
lowing three minutes and ten sec- 
onds or less of circulatory arrest, 
there were no obvious neurologic 
disturbances. After the circulation 
was arrested for three minutes and 
twenty-five seconds, alterations in 
behavior and psychic functions re- 
sulted. After six minutes’ arrest, 
evidence of disturbances of vision 
and sensation of permanent nature 
resulted. Seven minutes and thirty- 
six seconds of circulatory arrest 
produced permanent and practically 
complete dementia: blindness, sen- 
sory, and auditory defects, motor 
and postural defects, and reflex ab- 
normalities. When the arrest of 
circulation was prolonged to eight 
minutes and forty-five seconds, life 
could not be restored for more than 
a few hours. 


EXPERIMENTAL STUDIES IN 
HUMAN SUBJECTS 


Haldane®™ in 1919 discussed the 
symptoms, causes, and prevention 
of anoxemia. He concluded that 
“whenever a comparatively slight 
anoxaemia ... is continued for sev- 
eral hours, the common result is 
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nausea, headache and general de- 
pression. ... When the anoxaemia 
is more severe, the evidence of pro- 
gressive damage becomes more and 
more marked, so that even when the 
cause of anoxaemia is completely 
removed grave symptoms may re- 
main.” This is only one of many dis- 
cussions of the anoxic phenomena 
that have resulted from studies of 
oxygen deprivation in aviation. 


McFarland’”* (1932) studied air 
squadrons at partial pressures 
equivalent to altitudes of 17,000 to 
28,000 feet. He found that simple 
sensory and motor responses were 
not seriously impaired until col- 
lapse. Choice reactions were im- 
paired when oxygen was reduced 
to 11.43 per cent. Neuromuscular 
control was lost before capacity. 
Tremors and twitchings occurred. 
Memory was impaired at an average 
of 9.05 per cent oxygen and was in 
proportion to the extent of depriva- 
tion. Attention was greatly affected. 
Higher mental processes were af- 
fected; ideas became irrational or 
fixed and capacity for judgment 
and self criticism was lost. Slight 
oxygen deprivation produced stimu- 
lation of moods, followed by sleepi- 
ness, lethargy, and indifference: At 
9.05 per cent, loss of ethical and 
moral habits occurred. Hysterical 
laughter, anger, or sleep was com- 
mon. These reactions were com- 
pared to phases of alcoholism. These 
studies “tend to show the impor- 
tance of one’s basic physiological 
make-up in the formation of one’s 
personality.” 


Actual cases of oxygen depriva- 
tion during flight have been re- 
ported. Among these are the report 
by Ward and Olson"? of a 21 year 
old aviator who was found uncon- 
scious and apneic after being de- 
prived of oxygen at an altitude of 
25,000 feet for thirty-nine minutes 
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and at an altitude of 12,000 feet 
for an additional sixteen minutes. 
For eighteen hours after resuscita- 
tion he remained in coma. He then 
became alert, elated, and talkative. 
Logic, judgment, and memory were 
poor. On the second day he vomited. 
His mental state remained the same 
as the previous day. After seven 
weeks the mental state was entirely 
normal. Titrud and Haymaker** 
reported three cases of oxygen de- 
privation during flight. A 21 year 
old aviator was found unconscious 
after a flight at 20,000 feet. Oxy- 
gen and artificial respiration were 
administered.- Convulsions and de- 
lirium developed. Death occurred 
forty-eight hours later. Study of 
the brain showed widespread nec- 
rosis of ganglion cells. Damage was 
of such extent as to equal decere- 
bration. A second incident involved 
a 22 year old aviator who was de- 
prived of oxygen for a period of 
ten minutes during a flight at 24,000 
feet. Oxygen and artificial respira- 
tion were administered. Convulsions 
developed on the ninth day. Death 
occurred on the twenty-first day 
after the episode of anoxia. Ex- 
amination of the brain showed ex- 
tensive damage. A third young man 
who was deprived of oxygen during 
combat was discovered one and 
one-half hours later, cyanotic and 
delirious. He recovered, but when 
he was transferred from the hos- 
pital three weeks later, he was 
severely retarded both physically 
and .mentally. 


ANOXIA AND ANESTHESIA 

Cyanosis, asphyxia, and anoxia 
have been subjects of interest since 
before the discovery of anesthetics. 
Following the.idea through exam- 
ples of thought as they appear in 
the literature, wavering near and 
often far from the idea, the thread 
of the effects of anoxia during 
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anesthesia can be traced from the 
first publications on the subject of 
anesthesia. 

W. T. G. Morton?” in his “Re- 
marks on the proper mode of ad- 
ministering sulphuric ether by in- 
halation,”’ published in 1847, said: 
“The vapor of sulphuric ether, as 
is well known, will not support life 
in its pure and unmixed state, being 
destitute of oxygen; and fears were 
entertained, when it was first ap- 
plied to its present use, that, unless 
extreme care was taken to supply 
the patient with a large amount of 
atmospheric air, not enough oxygen 
would enter the lungs to decarbon- 
ize the blood and change it from 
venous to arterial; venous blood 
would then be sent to the brain, and 
the patient die from asphyxia, in 
the same manner as when deprived 
of oxygen by immersion in water, 
or from any other cause.”’ The sub- 
ject was even part of the con- 
troversy. In his Memoir on Sul- 
phuric Ether, also published in 1847, 
Morton? wrote: “On that day 
[January 2, 1847], he [Jackson] 
called at the hospital with some 
oxygen gas as an antidote for 
asphyxia, which he heard was pro- 
duced by the ether.” 

Snow?!* in his book published in 


1847 referred to stertorous breath- 


ing and commented that “I have, 
however, never known it to leave 
any cerebral symptoms afterward.” 
He also presented a case of a man, 
49 years of age, who developed 
spectral illusions for a week or two 
after operation. He had been given 
ether twice within twenty minutes. 
Snow had “not heard of anything 
of the kind after ether in any other 
case.”’ 

In 1887 Buxton, outlining the 
physiologic action of nitrous oxide 
gas, commented: “‘Whatever may 
be the saving of gas brought about 
by employing supplemental bags 
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wherein the nitrous oxide is col- 
lected and re-inspired again and 
again, the patient suffers by their 
use from the double evil of breath- 
ing diluted and impure nitrous 
oxide, and further, is not favour- 
ably placed for exhaling the refuse 
of the lungs. I should incline to 
attribute to this method the cases 
one occasionally meets with of 
severe headache, vertigo, dizziness 
and other untoward symptoms con- 
secutive upon nitrous oxide inhala- 
tion.” He experimented on dogs 
whose brains during oxygen de- 
privation were observed through 
trephine openings. 

Jackson®! (1894) conducted ex- 
periments on dogs to determine the 
cause of the intensification of lateral 
deviation of the eyes in a case of 
hemiplegia during chloroform anes- 
thesia. He concluded that the phe- 
nomenon was the result of insufh- 
cient circulatory compensation of 
the brain. 

Buxton’® (1897), reporting the 
death of a nurse during nitrous 
oxide and ether anesthesia for the 
extraction of teeth, warned of the 
dangers of oxygen deprivation and 
asphyxia. He made an additional 
observation that is still pertinent 
today: The accidents that occur 
during anesthesia often appear “in 
press but not in_ professional 
journals.” 

Hewitt"* (1899), in discussing 
deaths during nitrous oxide anes- 
thesia, said that almost always 
deaths from asphyxia were the re- 
sult of obstruction. He observed 
that “when nitrous oxide is admin- 
istered free from oxygen, asphyxial 
phenomena arise; obstructive ster- 
tor, convulsive muscular movement 
and cyanosis.” 

King®* (1904), following the re- 
covery of two patients after appar- 
ent death under chloroform, con- 
cluded that deaths under chloroform 


— 


May, 1949 


were not, as was usually thought, 
the result of cardiac failure but 
were respiratory in nature. 

Miller*** (1912) investigated 
postoperative mortality from anes- 
thetics and said that “Death during 
or following an operation is due to 
the anesthetic if the death would 
not have occurred under an ideal 
anesthetic.” 

Warner!#® (1915) pointed out 
that “perfectly normal color can be 
maintained while the patient is pre- 
senting all symptoms of asphyxia 
including convulsions.” 

Barcroft’? (1920) said: “No de- 
gree of anoxaemia which produces 
a less effect than that of complete 
unconsciousness leaves anything 
more than the most transient ef- 
fects; if the anoxaemia be pushed 
to the point at which the subject is 
within a measurable distance of 
death, the results may take days or 
weeks to get over, but only in the 
case of elderly or unsound persons 
is the machine wrecked beyond re- 
pair. ... Just as acute anoxaemia 
simulates drunkenness chronic an- 
oxaemia simulates fatigue. Another 
symptom frequently associated with 
mental fatigue is irritability.” 

Grant®® (1923) after experiments 
concluded that anoxemia plays no 
part in the causation of tetany dur- 
ing hyperpnea. 

Henderson’? and many others 
have persistently preached the doc- 
trine of asphyxial phenomena and 
their prevention. 

Others have explored the post- 
anesthetic phenomena, often ap- 
proaching but also often overlook- 
ing the role of anoxia (Kaye,*** 
Miller,2°5 

Macklin®? (1931) concluded that 
“neither practically nor theoretically 
can a carefully controlled anox- 
aemia be regarded as a contra-indi- 
cation to [the use of nitrous 
oxide ].” 
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Moore 1° (1934) stated that the 
presence of cyanosis “is no indica- 
tion of actual danger, nor is. its 
absence a sign of entire safety.” 

Raginsky and Bourne?! (1934) 
expressed the opinion that the 80:20 
mixture of nitrous oxide and oxy- 
gen is insufficient for some human 
beings. 

Flagg** has been among a group 
of persistent writers on the subject 
of prevention of asphyxia. 

Harris® (1937), as well as others, 
made a vigorous statement in be- 
half of adequate oxygenation. 
‘“Anoxia, employed in anaesthesia 
can only be looked upon as an addi- 
tional burden thrown upon the 
tissues of the body already sub- 
jected to the unphysiological strain 
of the anaesthetic agent. One must 
therefore conclude that the use of 
anoxia as an adjuvant in anaes- 
thesia is unsound, while the Sec- 
ondary Saturation of McKesson is 
to be heartily condemned.” 

Lawrence” in 1937 suggested 
that percentages of oxygen suff- 
cient to meet metabolic requirements 
were necessary to safe nitrous oxide 
anesthesia. 

Bennett and Seevers!? (1937), 
studying anoxia in human subjects, © 
concluded that ‘‘Experimental 
studies .. . substantiate the common 
clinical observation that anoxia is 
a necessary accompaniment of deep 
anesthesia with nitrous oxide in the 
subject who has not received pre- 
vious depressant drug medication.” 

The specific designation of the 
role of anoxia in cerebral damage 
following anesthesia was brought to 
the attention of anesthetists in 1936 
in a monograph by Courville.2° In 
the introduction he stated: “On the 
basis of the evidence at hand, it 
seems evident, therefore, that vary- 
ing degrees of anoxemia do exist 
and are necessary in the production 
of anesthesia with nitrous oxide and 
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that cellular asphyxia strongly re- 
inforces any direct narcotic action 
of the gas. As the higher concen- 
trations of nitrous oxide are 
reached, there always exists the 
danger of irrevocable damage to 
the brain. Should even a transient 
respiratory and circulatory failure 
occur under anesthesia, asphyxia of 
the cortical nerve cells occurs after 
the utilization of the small amount 
of available oxygen.” Continued 
evidence seems to indicate that the 
foregoing statement could be modi- 
fied to include other anesthetics. 
Gellhorn®® (1937) reported ex- 
periments on the effects of anoxia. 
“Systematic investigations were 
carried out in which the influence 
of oxygen deficiency, excess of car- 
bon dioxide and voluntary heavy 
breathing (hyperpnea) were studied 
in relation to various sensory func- 
tions, motor coordination, psychic 
processes, and subcortical reflexes. 
As to the sensory functions which 
were mediated by the cortex, it was 
found that auditory acuity and 
visual intensity discrimination were 
greatly decreased under all three 
conditions. Similar results were ob- 
tained with respect to visual after- 
images. Various psychic processes, 
such as formation of associations, 
the cancellation of a number ( Bour- 
don’s test), the addition of two 
digits (Kraepelin’s Test), were in- 
vestigated with respect to the effects 
of the three factors mentioned 
above, and here it was found again 
that under all three conditions the 
psychic processes were influenced 
in a similar fashion. There were 
only quantitative differences, the 
changes produced by oxygen de- 
ficiency being most severe. ... All 
the phenomena were, in most cases, 
more or less immediately reversible 
upon readmission of air... . In 
contradistinction to these results it 
was found that the physiologic proc- 
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esses involving the lower part of the 
brain (brain stem) and not the 
cortex, showed a different reaction. 
. . . These investigations seem to 
indicate that the psychic processes 
are cortical phenomena which de- 
pend on and are modified by the 
same physiologic factors which in- 
fluence ordinary physiologic proc- 
esses.” 

In discussing cerebral anoxemia 
Soley and Jump!*® (1939) stated: 
“Judging from the usual pre-opera- 
tive case history . . . it is not gen- 
erally considered important to ques- 
tion the patient as to incidents 
which could have resulted in ana- 
tomical changes due to asphyxia... 
Even though one were to attempt 
to elicit a history of asphyxia from 
a patient, it would be difficult to be 
sure that the history was reliable.” 

Behrend and Riggs’? (1940) dis- 
cussed predisposing factors, pre- 
vention, and treatment of cerebral 
complications following operation. 
‘In the cases studied by us, anoxia 
was usually secondary to acute 
general circulatory collapse-precipi- 
tated by administration of an anes- 
thetic plus the trauma of operation 
in patients whose margin of cir- 
culatory reserve had been reduced.”’ 

Wynne?® (1940) studied the re- 
lation of cyanosis and anoxemia and 
prepared a chart showing the rela- 
tion of blood components to cy- 
anosis. 

Some authorities maintain that 
undesirable effects of nitrous oxide 
anesthesia are a manifestation of a 
toxic action of nitrous oxide, while 
others contend that such effects are 
the result of anoxia. Murphy’! 
(1940) affirmed the latter opinion: 
“It has been accepted by clinical 
anesthetists .. . that nitrous oxide 
is neither toxic, in the ordinary 
sense, nor is it irritating to the 
tissue... . The abandonment of the 
secondary saturation techniques, the 
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promiscuous use of nitrous oxide 
by unskilled attendants . . . and the 
‘pushing’ of nitrous oxide in surgi- 
cal cases, will soon prove that 
asphyxia not anesthesia with nitrous 
oxide is responsible for the unto- 
ward effects which recently have 
been receiving attention.” 

The work of Waters*®® (1940) 
(1944) exemplified the increasing 
interest and concern of anesthetists 
in the subject of anoxia in relation 
toanesthesia. McCarthy®®? (1941 ) 
(1942) also emphasized the interest 
in the dangers and prevention of 
anoxia. “There is a real danger 
that serious complications may be 
produced by anoxia incident to 
nitrous oxide anesthesia. This is 
always an indication of technical 
error that may be avoided by proper 
care in administration and by close 
observation of the patient for signs 
of oxygen want.” 

Batten® (1942) in discussing the 
hazards of hypoxia suggested that: 
(1) the avoidance of the promiscu- 
ous use of respiratory depressant 


drugs, (2) administration of not | 


less than 20 per cent oxygen with 
‘nitrous oxide, (3) maintenance of 
normal levels of respiration, pulse, 
and blood pressure, (4) postanes- 
thetic care, (5) oxygen inhalations 
when signs of hypoxia appear, and 
(6) curtailment of the use of spinal 
anesthetics would reduce the 
dangers. 

Horvath et al’? (1943), in study- 
ing schizophrenic patients subjected 
to reduced oxygen concentrations to 
the point of unconsciousness, con- 
cluded that “anoxia severe enough 
to produce brief periods of uncon- 
sciousness has no lasting harmful 
effects on the -central nervous 
system.” 


POSTOPERATIVE PsyCHOsIS 


The search for the cause of the 
cerebral sequelae of operations has 
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included study of factors other 
than anesthesia. Postoperative psy- 
chosis has been recognized as a 
complication of operations since be- 
fore the discovery of surgical anes- 
thesia. Ambrose Paré mentioned 
the occurrence of mental symptoms 
after operations. 

Some of the causes of psychotic 
episodes have been variously stated 
as familial tendencies, drug allergy, 
fever, fear, worry, epilepsy, sepsis, 
senility, and hysteria.*!*3 Psychoses 
are known to have followed the use 
of many drugs without the addition 
of surgical intervention. Among the 
many drugs known to have pro- 
duced’ such episodes are a group 
often used in treating conditions 
before or during anesthesia. Gage- 
Day*® (1909) listed among other 
drugs which caused acute toxic in- 
sanities, chloral, morphine, alcohol, 
chloroform, ether, and paraldehyde. 
Danziger*® (1945) listed the com- 
pounds that have been known to 
cause symptoms of mental disorders 
in man. He stated: “It is suggested 
that anoxia is a sufficient and per- 
haps a necessary condition for the 
development of abnormal behavior.” 

Da Costa*® (1910) included 
among other causes of postopera- 
tive psychoses the possibilities that 
the “anesthetic may poison” the 
patient and that disturbances of 
cerebral circulation may occur. 

Woltman?* (1939) in comment- 
ing on postoperative neurologic 
complications said: “Immediately, 
or several days after operation, 
lead-pipe rigidity may develop in 
the patient. It is a serious omen 
that some patients slip into this 
state and out of it again and recover. 
. . . A somewhat similar condition, 
but resembling decerebrate rigidity, 
has been observed after spinal anes- 
thesia in which the usual dose has 
been administered to a patient who 
has profound anemia. ... { The com- 
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monest type of psychosis] does not 
begin immediately after operation 
but begins after an interval of about 
five days and lasts for about two 
weeks. ... It seems significant that 
when the psychosis is a “‘postopera- 
tive psychosis’ in the restricted sense 
of the term, anesthesia is almost 
always by inhalation and usually in- 
cludes ether. ... Most postoperative 
mental disorders . . . belong to the 
restricted group of postoperative 
psychoses. Next in frequency is 
the group which may safely be 
called toxic-infective-exhaustive 
psychoses, in which the psychoses 
immediately preceding and follow- 
ing operations usually are included. 
These in turn are followed by the 
deficiencies, the manic-depressive 
group and finally by the senile, 
schizoid, epileptoid, mentally un- 
stable and other groups.’ 

Doyle®* (1928), in reporting 
twenty-eight cases of postoperative 
psychosis, suggested that the term 
“post-anesthetic psychosis” be used 
for disturbed mental conditions 
which immediately follow operation 
and that the term “postoperative 
psychosis” be used for mental dis- 
turbances which occur after a 


normal interval has followed the. 


operation. 

That anoxia as the cause of 
cerebral damage is not accepted 
unequivocally is attested by the 
number of cases reported in which 
causes other than anoxia are given 
for various sequelae of anesthesia. 
This is probably as it should be, for 
it is apparent in reading large series 
of articles that authors are often 
so engrossed in riding a- special 
hobby, propounding a _ favorite 
theory, or expounding the merits of 
certain drugs or methods that they 
are carried away from the real im- 
port of the events which they are 
recording. Because of the recent 
emphasis on anoxia, it requires 
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courage to mention factors other 
than anoxia in reporting unusual 
postoperative complications. 

Edwards and Warrick*®® (1947 ) 
cautioned against overemphasis of 
anoxia. “True coma may occur after 
an anaesthetic in which anoxia has 
been present... . It is necessary to 
recognize the occasional occurrence 
of functional cases, as energetic 
physical treatment, so important in 
the curable cases of organic lesions, | 
is likely to do. the patient more harm 
than good.” 

An incident reported by Belin- 
koff! (1949) illustrates this point. 
A child, aged 5, was given avertin 
and ether-oxygen in preparation 
for bronchography. A _ convulsion 
preceded the operation. It was re- 
lieved by 4 cc. of 2% per cent 
pentothal sodium. One hour and. 
forty minutes later she seemed to 
be awake but was screaming and 
throwing her head against the pil- 
low. “This was of great concern to 
the attending physicians, who 
thought her condition resembled 
that of a decerebrate and permanent 
brain damage from the convulsion 
and associated anoxia might have 
occurred. However, reassurance 
from the nurses and family that 
this was merely the reaction of a 
spoiled child led {the physicians} to 
leave her completely alone. After 
several hours of studious neglect, 
she quieted down to normal. Her 
family stated that she was perfectly 
normal and that they could notice 
no personality changes.” 

Another case in point is that of 
Hirshfeld*® (1941): “It is only 
quite recently that attention has 
been focused on cerebral damage 
from anesthesia as a possible cause 
of post-operative mortality. Before 
the anesthetic itself can be de- 
nounced as the cause of post- 
surgical coma, the more common 
renal, metabolic and pulmonary 
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complications must be excluded. .. .” 
In a case of coma following a period 
of respiratory arrest during nitrous 
oxide-oxygen anesthesia, amino- 
phylline was administered after 
other therapeutic measures had 
failed to rouse the patient. “Forty- 


eight hours after the institution of 


therapy, she responded rationally to 
conversation. .. . The patient went 
on to an uneventful recovery. No 
neurological or cerebral sequelae 
manifested themselves after the dis- 
appearance of the coma... . Seven 
weeks after operation, the patient 
was completely symptom-free and 
revealed no sign of any cerebral 
damage.” 3 


Adams*@ in 1894 concluded that 
idiosyncrasy to nitrous oxide was 
the cause of a death. The brain did 
not reveal abnormalities of the 
cerebral substance. Status thymico- 
lymphaticus (Davies*"), thymus 
(Owens!!5), status epilepticus 
(Healy"!), chronic encephalitis 
(Ginker and Walker®*), carotid 
sinus (Downs*!), and acidosis 
(Ross?*°) are among the causes 
ascribed by the authors to episodes 
that might well be placed in the 
category of anoxic phenomena. 
Uremia, senility, diabetes, and other 
diagnoses have been made in cases 
of postoperative coma and psycho- 
Sis. 


As the concept of cerebral dam- 
age from anoxia became clearer, 
there began to appear a series of 
reports discussing the phenomena, 
experiments specifically designed to 
study them, and reports of cases. 
Cases previously reported were re- 
classified. From the time of Cour- 
ville’s monograph in 1936, in which 
he reported incidents accompanying 
nitrous oxide anesthesia, reports 
have been made that incriminate 
most of the anesthetic agents being 
used. 
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A chronological listing of these 
reports is made to show the develop- 
ment of the concept. Articles are 
reported here without attempt to 
categorize them according to anes- 
thetic agent or to separate discus- 
sions from case reports. Pertinent 
comments were often included with 
case reports. Since some of the 
cases of convulsions during anes- 
thesia present a clinical picture com- 
parable to those classified under an- 
oxic sequelae, these have also been 
included in this sequence. 

Among the early reports is one 
case which may have been the re- 
sult of oxygen deprivation. Stan- 
ley?®7 (1842) reported a case in 
which, after ten inspirations of 
nitrous oxide, a young man expe- 
rienced only slight effect. He again 
breathed gas, and a series of violent 
muscular motions resulted which 
lasted for ten minutes. Alternate 
violent muscular exertions and in- 
termissions continued for one half 
hour. He recovered in a day or two 
during which he had throbbing sen- 
sations in the forehead. Stanley 
reasoned that impure gas had been 
made and was the cause of the 
difficulty. 

Ashford* (1869) reported an in- 
cident in which a young woman was 
unconscious for two hours follow- 
ing nitrous oxide anesthesia for a 
dental extraction. Headache per- 
sisted but the patient started for 
home. She became faint and dizzy 
and recalled nothing further until 
the following day when she found 
her left arm useless. Pain in her 
head continued, and at times she 
was delirious. There were motor 
and sensory changes involving the 
left part of the face, tongue, and 
upper and lower extremities. Later 
typhoid fever developed. The pa- 
tient recovered. The author ques- 
tioned whether the nitrous oxide 
might have produced “congestion 
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of the brain and diffusion into its 
ventricles or tissues,” or whether 
this case might verify the truth of 
the contention that “typhoid fever 
is essentially a nervous fever.” Four 
months after the anesthetic the 
patient walked with ease, her face 
was unaffected, and headache had 
disappeared. 

Warner??? (1882) reported a case 
of twitching at the right angle of 
the mouth and of the hand of a 
patient during nitrous oxide anes- 
thesia for dental extraction. The 
patient regained consciousness 
quickly. | 

Buxton’* (1887), experimenting 
on human beings to determine the 
cause of ankle clonus during nitrous 
oxide anesthesia, concluded that: 
“Whatever view we adopt with re- 
gard to ankle clonus, we have to 
further explain how, under nitrous 
oxide the cerebral-spinal axis, the 
peripheral nerves, or the muscles, 
become so: altered that this pheno- 
mena can appear and vanish with 
recovery from brief narcosis... . 
Rhythmic jactitations attend nitrous 
oxide administration in a certain 
number of cases. The clonic and 
tonic contractions, it should be ob- 
served, so occurring are quite dif- 
ferent from the irregular convul- 
sions, the result of stimulation, 
brought about by asphyxia. 
Ankle-clonus . . . is dependent upon 
changes, probably of an irritative 
character, occurring in hypertonic 
muscle, and brought about by like 
changes in the whole nervous sys- 
tem.” 

Savage!*® (1887) discussed post- 
operative insanities. He outlined 
the course of the disorder in the 
following manner: “Any cause 
which will give rise to delirium may 
set up a more chronic form of 
mental disorder quite apart from 
any febrile disturbance. (a) .The 
most common form of mental dis- 
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order which comes on in such cases 
is of the type of acute delirious 
mania; (b) though such mental dis- 
order is generally of a temporary 
character, it may pass into a chronic 
weak-mindedness, or it may pass 
into (c) progressive dementia which 
cannot be distinguished from gen- 
eral paralysis of the insane.” In 
addition he reported that he had 
seen cases of insanity after all anes- 
thetics. He reported five cases, 
three of which could probably be 
included in the group under con- 
sideration : 


Case 1.—A man, aged 26, with 
a family history that included nerv- 
ousness and insanity and who had 
an alcoholic tendency, developed 
an acute mania. He was given 
chloroform for examination of an 
injured hand. An acute manic epi- 
sode followed his recovery from 
anesthesia. He recovered. 

Case 2.—A woman, aged 21, with 
an acquired neurosis had had one 


acute maniacal episode from which. 


she recovered. Chloroform was ad- 
ministered for an examination. 
Acute insanity followed. 

Case 3.—An elderly man was 
given an ether anesthetic during 
which no unusual episode occurred. 
When he recovered, his mind was 
affected. He acted “half-drunk.” 
He eventually recovered and be- 
came mentally alert. 

Case 4—A young woman, after 
transfusion and stimulants after the 
birth of a child ten years previously, 
had developed hysterical attacks 
and a tendency to use alcohol ex- 
cessively. She had had one acute 
attack of dementia. Nitrous oxide 
was given for dental extraction. A 
maniacal outbreak followed the re- 
covery. She never regained her 
senses or recognized her friends. 
She became “silly and fat.” 


Case 5.—A woman was anesthe- 


= 
| 
| 
| 
| 


~ 


May, 1949 


tized (agent was not mentioned) 
for removal of a simple breast 
tumor. “At once after the opera- 
tion she was noticed to be changed 


in character, irritable and exacting, 
unstable, with weakened control 


and loss of memory.” Tremors, 
hesitant speech, defective memory, 
and unequal pupils persisted until 
death five months later. The post- 
mortem examination showed “wast- 
ing of brain, with excessive fluid, 
adhesions of membranes to the cor- 
tex.’ The author mentioned that 
another such patient was under his 
care. 


Homans‘* (1889) reported two 
cases of dementia following ether 
anesthesia for amputation of the 
breast, the patients being ages 35 
and 50. The symptoms in each 
patient were the same. After opera- 
tion a period of “euthanasia” existed 
for two days; on the third day the 
patients became excited; the mind 
wandered. This state persisted until 
the fifth day when it appeared that 
the “mind was gone.” Excited 
babbling and delirium lasted for one 
week. Both patients were “well 
mentally thereafter.” Both were 
from nervous families. 


Gorton®® (1889-90) reported two 
cases. A boy, aged 14, of good 
mental capacity became maniacal 
following tardy recovery from ether 
which was administered for extrac- 
tion of teeth. There had been no 
episode of unusual nature during 
the course of anesthesia. Later it 
was reported that he “did not ap- 
pear like himself.”” Eventually he 
became somewhat “demented.” The 
second case was of a woman, aged 
22, of good intelligence. Ether was 
administered for dental extraction. 
More than two hours elapsed before 
she recovered. After wakening she 
became dull and indifferent. Later 
she became irritable, self conscious, 
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and “dramatic” in her actions. 
Fourteen months later she became 
hysterical and maniacal. This acute 
phase gradually subsided. 


De Forest?® (1897) reported the 
case of a woman, aged 51, who was 
given ether for the removal of a 
lump from the breast. The evening 
after operation the left arm and leg 
could not be used. She could speak 
only with difficulty. She became 
progressively worse until death on 
the sixth day. The rectal tempera- 
ture rose to 103 F. 


Garrigues*? (1897) in discussing 
paralyses that followed anesthesia 
reported four cases of lameness. He 
said: “Anaesthesia-paralysis of cen- 
tral origin is much rarer than that 
of peripheral origin and is rather 
obscure. It may be due to cerebral 
apoplexy or emboli; either of which 
would produce ischaemia in the 
surroundings and secondary soft- 
ening of the brain.” He mentioned 
the case of an old woman who was 
given chloroform for one hour. 
Acute mania followed. The author 
recommended avoidance of opera- 
tion on the aged and avoidance of 
prolonged operation to prevent this 
complication. 

Green® (1901) reported an in- 
cident in which gas was adminis- 
tered, using Barth’s inhaler and 
allowing plenty of air. A few min- 
utes after the patient recovered 
consciousness, numbness of the 
hands, legs, and feet was experi- 
enced. The hagds were pronated, 
the fingers slightly flexed, and the 
thumb adducted. Respirations were 
rapid and stridorous. His color was 
excellent; he was restless and un- 
able to articulate. These symptoms 
continued for more than twenty 
minutes. The man was not hysteri- 


cal, 
Lamb®* (1903) reported a case 
of respiratory arrest during chloro- 
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form anesthesia lasting one and 
one-fourth hours. An “intracranial 
condition being suspected,” and a 
trephine exploration of the cerebel- 
lum was made with negative find- 
ings. The patient began to breathe 
after vigorous treatment including 
tracheotomy and galvanic current. 
The respiratory arrest recurred 
thirty hours later. The postmortem 
examination disclosed a “small cere- 
bellar abscess.” 


Gabriel*® (1905) reported a case 
of paralysis of the soft palate with 
swallowing difficulty following nit- 
rous oxide anesthesia. 


Fast** (1908) recorded a case of 
a patient, aged 21, with no history 
of previous mental instability who 
was given ether for forty minutes 
for extraction of teeth. Mania im- 
mediately upon recovery was fol- 
lowed by sleep. Upon awakening 
the maniacal state recurred. The 
temperature was elevated to 102 F. 
On the fourth day after the episode, 
he was quieter. Recovery was un- 
eventful. 


Ross!#5 (1921), in discussing 
acidosis following operation, briefly 
outlined the clinical picture pre- 
sented by these patients “which 
varies in severity from those show- 
ing rather prolonged nausea and 
vomiting, headache, and slight rest- 
lessness, to those cases in which the 
patient rouses from the anesthetic 
only to lapse into a rapidly deepen- 
ing coma, with rising temperature, 
pulse and respiration rates and with 
death supervening within twenty- 
four to forty-eight hours.” 


Caine’? (1932) reported four 
cases, one patient dying on the op- 
erating table. Three survived for 
varying periods. A woman, aged 


39, became apneic during nitrous 
oxide anesthesia. The saturation 
technic was used. Cardiac failure 
occurred ; 


resustitative measures 
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produced resumption of cardiac and 
respiratory function. The patient 
responded without regaining full 
consciousness but died during the 
first day. A second patient, a wo- 
man, aged 58, was anesthetized by 
the saturation technic with nitrous 
oxide and oxygen. Cardiac failure 
was overcome by cardiac massage. 
She recovered six hours after op- 
eration. Visual disturbances, vomit- 
ing, and restlessness were present. 
The course was progressively down- 
ward until her death two months 
later. The third case was of a 
woman, aged 37, in whom respira- 
tory and cardiac failure occurred 
during a laparotomy under nitrous 
oxide-oxygen-ether anesthesia. 
After three years she could speak 
unintelligibly; blindness and par- 
alysis persisted beyond six years. In 
commenting on these cases the au- 
thor said: “Restoration of the 
heart’s action and respiration does 
not mean that the patient is all right, 
but there are likely to be degenera- 
tive changes in the brain that are 
irreparable. Restoration .of con- 
sciousness and apparent normality 
after the heart has stopped under 
these circumstances does not mean 
that there is no permanent damage 
to the brain that will be manifested 
later. The human brain cannot 
stand the suspension of circulation 
and return to normal as can the 
brain of the dog.” 

Atkeisson® (1923) reported one 
case of a woman, aged 25, who was 
anesthetized with nitrous oxide and 
oxygen for an examination six 
weeks after an accident and delivery 
of a premature baby. During the 
course -of anesthesia, respiration 
ceased for fifteen minutes. She 
wakened in delirium and remained 
incoherent, mumbling, and crying 
until death twenty-four hours later. 
Examination of the brain was not 
done. 
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McCardie and Featherstone” 
(1926) reported two incidents that 
occurred in the same _ operating 
room, the patients dying within an 
hour of each other. The first was a 
woman, aged 60, who was given 
EC; mixture with a “little ethyl 
chloride” . for amputation of a 
breast. After twenty-five minutes of 
anesthesia, respiration ceased. Res- 
pirations became spontaneous fif- 
teen minutes later. She did not 
recover from the anesthetic and died 
twenty hours later without regain- 
ing consciousness. The temperature 
was 106 F. Postmortem examina- 
tion showed cerebral softening— 
thrombosis of basilar arteries and 
the sylvan arteries. Metastasic le- 
sions and recent hemorrhage in- 
volved the right half of the cere- 
bellum. The second patient, a man, 
aged 48, was anesthetized following 
perforation of a duodenal ulcer. 
E.C, mixture was used for the in- 
duction during which the patient 
struggled for four minutes. Oxygen 
was administered because of cya- 
nosis. Twenty minutes after induc- 
tion the color was improved, but the 
respirations were jerky and then 
ceased. Heart action ceased. Arti- 
ficial respiration, cardiac massage, 
and intraventricular injection of 
adrenalin resulted in return of car- 
diac and respiratory function three 
or four minutes later. Respirations 
remained spasmodic for an hour 
and twenty minutes. Diagnosis of 
hemorrhage in the area of the pons 
varolii was made. Death occurred 
five and one-half hours after re- 
storation of respiration. Postmor- 
tem examination showed the brain 
to be edematous ; vessels of the pons 
and the floor of the sylvian aque- 
duct were congested. 

Glynn®® (1926) reported one 


case: “An apparently healthy lad 
was anaesthetized with nitrous 
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oxide and the stump of a molar 
tooth extracted. He never recovered 
consciousness and died in thirty- 
seven hours. .. . The administration 
of the anaesthetic and the extrac- 
tion took a minute, or slightly more. 
The patient began to recover, ... 
but soon went ‘nasty color, then 
black’ and collapsed. [Convulsions 
began several hours later. The 
necropsy revealed that} the brain 
was congested and contained a few 
punctiform hemorrhages; . . . the 
lungs showed moderately extensive 
lobar pneumonia.” 


Clement'® (1928) reported three 
cases in which convulsions followed 
periods of anoxemia after- anesthe- 
sia. He advanced the opinion that 
so-called ether convulsions are prob- 
ably due to anoxemia. A young man 
had convulsions after an anesthetic 
of nitrous oxide, ethylene, and 
oxygen. Percentage of oxygen had 
been low (4-6 per cent). He re- 
covered. A child, aged 7, had con- 
vulsions during anesthesia; oxygen 
was given, and the child recovered. 
A child had convulsions during 
nitrous oxide anesthesia; frequent 
additions of oxygen controlled the 
convulsions, but at the close of the 
procedure, in spite of oxygen, con- 
vulsions became so severe as to in- 
terfere with breathing. Bromides 
and atropine were administered ; the 
child recovered. 


Evans** (1928) reported seven- 
teen cases of anoxemia in which 
inhalations of oxygen overcame the 
difficulties except in three of the 
patients who did not recover. 


Weber?! (1931) reported a case 
of a boy, aged 14, who could not 
see or hear in a conscious way. A 
diagnosis of decerebrate automatism 
was made. At the age of 2 years the 
child had convulsions during ether 
anesthesia given for appendectomy. 
The child had been normal before 
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the operation. The convulsions 
lasted for twenty hours and there- 
after occurred at frequent intervals. 
In commenting on this case the 
author said: “It seems as if the 
nerve cells of the whole cerebral 
cortex that are concerned in the 
voluntary movements and conscious 
perception of all kinds have been 
selectively destroyed in a way 
analogous to that in which the 
glandular cells of the whole liver 
have sometimes been more or less 
selectively destroyed in cases of 
acute hepatic atrophy following 
chloroform anaesthesia. It is just 
possible that, with the convulsions 
there may have been a diffuse bi- 
lateral sudden haemorrhage to the 
cerebral cortex.” 

Yaskin'® (1931) recorded an in- 
cident in which “immediately after 
an instrumental delivery a previous- 
ly healthy woman presented an acute 
and diffuse involvement of many 
regions of the brain, particularly 
striking was the involvement of the 
supranuclear structures concerned 
with articulation and swallowing, 
disturbances of consciousness, tran- 
sient blindness, general increased 
tonus in the musculature with in- 
creased reflexes, myoclonic move- 
ments of the extremities and transi- 
ent weakness of the extra-ocular 
muscles. These phenomena were 
accompanied by a febrile course and 
a serious constitutional reaction 
with no evidence of meningitis. 
There followed a rapid recession of 
symptoms with residues pointing to 
a slight but permanent damage to 
the extrapyramidal system.” Nit- 
rous oxide was used. The baby 
appeared normal in color. 


Landau and Wooley®® (1934) re- | 


ported a case in which restlessness, 
giddiness, spots before the eyes, and 
photophobia followed evipal gas- 
oxygen anesthesia. On the fifth day 
headache, nystagmus, and vomiting 
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developed. The symptoms cleared 
on the eighth day, and recovery 
thereafter was uninterrupted. 


Quastel*?® (1934) studied the 
effects of oxygen deficiencies and 
remarked that “the similarity be- 
tween the psychological reactions 
following oxygen want and those 
found in light narcosis, and the 
resemblance of these to the reac- 
tions found in certain types of 
mental disorders have attracted a 
number of investigators. It has be- 
come a likely hypothesis that cer- 
tain forms of mental disorders may 
find their origin in a physiological 
state corresponding to anoxaemia.”’ 

Lennox et al®* (1935) concluded: 
‘Neither sleep nor epileptic seizures 
are due to reduction in the total 
cerebral circulation. ... In man un- 
consciousness supervenes if the 
oxygen supply to the brain is sud- 
denly reduced to such an extent 
that the oxygen saturation of the 
blood in the internal jugular vein 
falls to 24 per cent or below.” 


Courville?®?? (1936) (1939) re- 
ported thirteen cases, in nine of 
which the ¢ondition was fatal. The 
case summaries are quoted: 


“Case 1. Exploration for interlo- 
bar pulmonary abscess under nitrous 
oxide-oxygen anesthesia. Period of 
irrationality, lethargy and aphasia 
with signs pointing to lesion of left 
frontal lobe. Recovery. Re-ex- 
ploration two years later under 
nitrous oxide-oxygen anesthesia 
with marked cyanosis. Generalized 
convulsions, continuous stupor and 
death. Survival period 4o hours.” 


“Case 2. Nitrous oxide-oxygen 


anesthesia for delivery and perineal 
repair. Respiratory failure under 


anesthetic. Generalized convulsions, 
muscular tuitchings and deepening 
coma. Death after 43 hours.” 
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“Case 3. Convulsive seizures and 
coma following administration of 
nitrous oxide anesthesia for extrac- 
tion of teeth. Death after two and 
a half days.” 


*x* * * 


“Case 4. Nitrous oxide-oxygen 
anesthesia for biopsy of nodules in 
old scar at site of mastectomy. Cy- 
anosis and cardio-respiratory fail- 
ure. Generalized convulsions. Death 
after three days.” 


“Case 5. Respiratory failure under 
nitrous oxide-oxygen anesthesia for 
curettage of chronic osteomyelitic 
focus of right tibia. Residual coma 
and generalized muscular tuntching 
with decerebrate rigidity. Death 
after four days and seven hours.” 


* * 


“Case 6. Administration of 
nitrous oxide-oxygen supplementing 
spinal anesthesia for hysterectomy. 
Continued coma. Diffuse minor 
motor manifestations, Survival 
period 5 days.” 


“Case 7. Nitrous oxide-oxygen- 
ether anesthesia for perineorrhaphy 
and repair after normal delivery. 
Irregular respiratory movements 
without cyanosis during anesthesia. 
Localized,and generalized convul- 
sions and coma. Temporary im- 
provement followed by decline and 
death. Survival period 6% days.” 


“Case 8. Respiratory irregulari- 
ties under nitrous oxide-oxygen an- 
esthesia for curettage of the uterus. 
Coma followed by delirium. Septi- 
cemia. Death 19 days later.” 


*x* * * 


“Case 9. Extraction of teeth 
under nitrous oxide-oxygen anes- 
thesia. Transient respiratory failure 
followed by convulsions and coma 
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for 24 hours. Improvement in 
mental status for several days. Com- 
plete blindness followed by deep 
coma and death in 26 days after 
onset.” 
“Case 10. Nitrous oxide anes- 
thesia for resection of fallopian tube 
(ectopic pregnancy). Incomplete 
recovery with residual parkinsonian 
syndrome. Survival with mental 
defect. Committed to a mental hos- 
pital.” 
+ 
“Case II. Residual lenticular 
syndrome in a patient surviving an 
anoxemic episode after nitrous 
oxide anesthesia eight years before.” 


“Case 12. Nitrous oxide-oxygen- 
ether anesthesia for repair of peri- 
neal laceration after precipitate de- 
livery. Cyanosis and respiratory 
failure. Generalized convulsions 
followed by state of restless de- 
lirium. Recovery after transient 
aphasia, apraxia and visual disturb- 


“Case 13. Cyanosis and muscular 
rigidity during short nitrous oxide 
anesthesia for curettement. Twenty- 
four hour period of restlessness. 
Respiratory irregularity and vomiut- 
ing. Complete recovery.” 


A review of the subject of as- 
phyxia following nitrous oxide anes- 
thesia, extensive discussion of the 
pathologic changes in the brain, and 
case histories make up a monograph 
of which the summary is quoted 
here: 

“This study is concerned with the 
problem of cerebral asphyxia or 
anoxia as a result of nitrous oxide 
anesthesia. It is based upon clinical 
and pathologic observations in a 
series of 13 cases, 9 of which 
terminated fatally. In all the fatal 
cases an autopsy was obtained and 
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a more or less critical examination 
of the cerebral tissues was made. 


“Cerebral manifestations follow- 
ing inhalation of nitrous oxide have 
been recognized for almost a hun- 
dred years. The immediate nervous 
manifestations usually consist of 
generalized convulsive seizures, 
muscular rigidity and _ persistent 
coma, at times terminating fatally 
with signs of ‘decereberate rigidity.’ 
Delayed symptoms may occur in 
the form of a psychosis, a parkin- 
sonian symptom-complex or dis- 
turbances of special sensation, par- 
ticularly in the form of a partial 
or complete amaurosis. The patient 
may recover entirely after an an- 
oxemic episode, may survive for a 
variable period with residual symp- 
toms or may die within a few days. 
In fatal cases, death usually occurs 
within 2 to 7 days, but may occur 
only after an interval of weeks or 
months. Examples of each of these 
variations are to be found in the 
series of cases described herewith. 


“Anoxemia following administra- 
tion of nitrous oxide may be the 
result of an impure gas, a faulty 
apparatus, or a preexisting or sud- 
denly developed pulmonary lesion. 
The possibility of faulty adminis- 
tration of the anesthetic and of in- 
dividual idiosyncracy to this gas 
are also to be considered. Several 
factors may be present in a single 
case, all contributing to production 
of the cerebral lesion. Regardless 
of the exact source of the trouble, 
the clinical symptoms and_ the 
pathologic findings are the effect of 
asphyxia. and are not due to any 
toxic effect of nitrous oxide itself. 

“The mechanism in most in- 
stances seems to be one of two 
types,—(a) sudden _ circulatory 


and/or respiratory failure with con- 
sequent cerebral damage due to the 
immediate utilization of the remain- 
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ing small amounts of available oxy- 
gen or (b) prolonged exposure of 
the brain to a dangerous degree of 
oxygen want. 


“The resulting cortical lesion 
necessarily depends upon the degree 
of anoxemia and its. duration. 
There may be (a) a sclerosis of 
scattered pyramidal cells, (b) an 
occurrence of discrete pale areas 
(Herde ) in the cortex, (c) a patchy 
necrosis of superficial, intermediate 
or deep, or all cortical layers, (d) a 
subtotal destruction of the cortex, 
or if the patient survives for a 
sufficient interval, (e) a vascular 
scar may result due to the forma- 
tion of new blood vessels. Changes 
in the nerve cells may be described 
as (a) sclerotic, (b) acute degen- 
erative, (c) ischemic, and in chronic 
cases (d) ‘calcified’ nerve cells. 
Lipoidal degeneration (e) is also a“ 
common form of cellular change. 
The microglia develop into com- 
pound granular corpuscles in the 
presence of necrosis. The astrocytes 
adjacent to the necrotic areas under- 
go proliferation to aid in the forma- 
tion of the astro-vascular scar. The 


oligodendroglia undergo acute 


swelling and variable degrees of 
proliferation, particularly in the 
subcortical white substance. The 
arachnoid and pia may show cellu- 
lar proliferation, and adhesions be- 
tween these two membranes may 
take place. 


“The lenticular nucleus seems to 
be affected to about the same de- 
gree as the cerebral cortex, and 
essentially the same architectural 
and cellular changes are found. 
Small globules of calcium are com- 
monly observed in the small blood 
vessels in this structure similar to 
those found in carbon monoxide 
poisoning. The Purkinje cells of the 
cerebellar cortex are quite marked- 
ly altered. 
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“A study of the brain in fatal 
cases discloses several interesting 
facts. Not all portions of the cortex 
are uniformly or symmetrically in- 
volved. This no doubt explains the 
variable clinical picture found in 
those cases surviving for several 
weeks or more. While it is possible 
to predicate the character of the 
lesion from the clinical history, one 
cannot always be sure of the 
severity of cortical damage. This is 
due to the great difficulty in evalu- 
ating all the possible causative fac- 


tors. The earliest lesions are found - 


about the pericellular and pericapil- 
lary spaces, which would suggest 
that the injury is a result of ‘tissue 
-respiration’,~—a disturbed carbon 
dioxide-oxygen exchange between 
the tissue fluids and the cellular 
elements. 


“This condition, hitherto not 
critically studied from a clinical and 
pathologic standpoint, demands 
further investigation. A _ careful 
analysis of all possible factors 
should be made at the time an acci- 
dent occurs under nitrous oxide 
anesthesia to determine if possible 
the cause of the trouble. A detailed 
study of the brain should be made 
in every fatal case. The ultimate 
changes taking place in the brain 
after prolonged survival period are 
as yet unknown.” 


Courville?? (1936) reported on 
one of the cases from his previous 
study in which the patient with 
residual lenticular syndrome con- 
tinued to improve three years after 
the former report. 


Lowenberg et 195.96 (1936) 
(1938) reported three cases of 


cerebral cortical and basal ganglion 
destruction and an additional case 
in which clinical evidence of a 
similar process was apparent. In 
one case after ten minutes of res- 
piratory arrest rigidity and tremor 
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occurred. Continued unconscious- 
ness, pyrexia, loss of tendon 
reflexes, rigidity, and tremor pro- 
gressed until death sixty hours after 
the onset. Necropsy disclosed severe 
injury of the cerebral cortex, basal 
ganglion, and midbrain. A second 
patient, in whom respiratory arrest 
occurred during nitrous oxide anes- 
thesia, died seventy-two hours after 
the episode. Examination of the 
brain showed severe damage of the 
cerebral cortex and basal ganglions. 
In case 3 cardiac and respiratory 
arrest occurred after one hour of 
nitrous oxide anesthesia. Pyrexia, 
twitchings of the left hand, rigidity, 
and coma lasted until death 119 
hours later. The brain showed 
damage similar to that in the pre- 
ceding cases. The fourth patient 
had similar symptoms several hours 
after operation. He recovered. Six 
and one-half years later there were 
signs of residual neurologic damage. 
There was no impairment of mental- 
ity. The author’s comment was: 
“The histologic picture suggested 
that the destruction of the brain is 
due to the toxic action of nitrous 
oxide on the parenchyma. A definite 
selective destruction is noted, the 
cortex and the basal ganglion being 
much more severely damaged than 
the brain stem and the cerebellum, 
resulting in a clinical picture of 
decortification. Destruction of this 
type is frequently a toxic manifes- 
tation and similar findings have 
been noted in the cases of poisoning 
by excessive doses of pantopon, 
morphine, and ergoapiol. Therefore, 
death may be due to extensive 
destruction of the cortex and basal 
ganglia rather than to involvement 
of the respiratory area per se.” 

Ford et al** (1937) reported one 
case of extensive injury to the 
cerebral cortex. 

O’Brien and Steegman* (1938) 


} 
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reported one case in which death 
occurred sixteen months after the 
administration of nitrous oxide an- 
esthesia. During those months there 
was never a return to the conscious 
type of mental activity. Marked 
degenerative changes in the brain 
were evident. 


Gebauer and Coleman*® (1938) : 
A woman, aged 29, was anesthe- 
tized with cyclopropane by the car- 
bon dioxide absorption technic for 
two hours and thirty-five minutes. 
Moderate shock developed. She 
was stuporous four hours after op- 
eration. Thirty-six hours postopera- 
tively mild convulsions, coma, and 
cyanosis developed. There were no 
definite neurologic findings. Muscle 
rigidity was apparent on the fifth 
day. She remained unconscious 


until death on the’ seventh post- 


operative day. Autopsy showed 
“extensive degenerative process of 
the cerebral cortex.”’ 


Abbott and Courville? (1938) re- 
ported an episode in which a wo- 
man, aged 37, was given nitrous 
oxide and oxygen for fifteen min- 
utes, then ethylene, oxygen, and 
ether. There was marked cyanosis 
at the time the anesthetic agents 
were changed, and irregular respira- 
tions for the remaining forty-five 
minutes. Very little ethylene was 
given. Coma persisted for two days 
postoperatively. Retardation of 
voluntary speech, frontal headache, 
faintness, and disorientation devel- 
oped later. She died on the forty- 
second day. Following autopsy the 
authors commented it seemed that 
the “globus pallidus of the lenticu- 
lar nuclei is the most sensitive part 
of the brain to the effects of 
asphyxia.” 

Stewart?®® (1938) presented a 
case “in which apnea occurred dur- 
‘ing nitrous-oxide and oxygen anes- 
thesia, causing widespread destruc- 
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tion of the nerve cells of the cere- 
brum. Neurologic symptoms ap- 
peared within an hour and lasted 


_about forty-eight hours, when coma 


supervened. Death from pneumonia 
occurred on the thirteenth postop- 
erative day. . . . Autopsy showed 
changes in the cerebral nerve cells 
similar to those found after experi- 
mental cerebral hypoxemia, and to 
those described in other cases of 
asphyxial death after nitrous-oxide 
and oxygen anesthesia and poison 
from illuminating gas and automo- 
bile exhaust gas.” 

Griffth®' (1938) reported an in- 
cident in which a 14 year old boy 
was given cyclopropane anesthesia. 
After induction and intubation a 
pack soaked in 2 per cent nuper- 
caine was placed in the nose. Forty 
minutes later convulsive actions of 
the hands were noted. Anesthesia 
was deepened. Later tetanic spasms 
involving the head, face, and neck 
developed. Respirations were de- 
pressed. The laryngeal reflex did 
not return promptly. After pro- 
longed sleep recovery was unevent- 
ful. 


Courville** (1938) reported the 
effects of asphyxia on the cerebral 
gray matter following nitrous oxide 
anesthesia. 

Gitlin® (1938), in reporting a 
case of convulsions that occurred 
during nitrous oxide anesthesia, 
mentioned the development of head- 
ache as a sequel to the convulsion. 


Schreiber!** (1939), in discuss- 
ing the subject of cerebral anoxia, 
said: “Cases recorded in the litera- 
ture with the diagnosis of ‘liver 
death’ would seem, on _ closer 
scrutiny, to be more properly clas- 
sified as examples of cerebral an- 
oxia. ... The author has had occa- 
sion to observe several hundred 
individuals who exhibited evidence 
of disturbed cerebral architecture, 
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probably as a result of an asphyxial 
episode associated with the adminis- 
tration of an anesthetic agent. Some 
of these patients had been given a 
general, spinal or local anesthetic 
for relief of pain during a surgical 
procedure. Others had been anes- 
thetized through the placental cir- 
culation, the mother receiving anes- 
thesia to abolish the pain of child- 
bearing. Most of the cases in 
which severe neurological symptoms 
appeared following anesthesia were 
thought to fall into the anoxic 
anoxia group. ... Unless the anes- 
thetist can recognize cerebral as- 
phyxia in the absence of cyanosis 
and remedy the situation, the con- 
sequences may be grave. . . . While 
the neuropathologist can report only 
what he sees under the microscope, 
it is most significant that in those 


cases in which death has been de-- 


layed a few hours or more follow- 
ing nitrous oxide asphyxia, there 
can be demonstrated a diffuse de- 
generation of the brain tissue. The 
determination of the etiology of 
this brain change must be left to 
the clinician who observes these 
cases while still living and is fa- 
miliar with all the circumstances of 
the individual case. . . . A catabolic 
type of anoxic anoxia also plays an 
important part in cerebral altera- 
tions associated with anesthesia. Al- 
though the oxygen supply may be 
normal, intrinsic or extrinsic fac- 
tors may increase the demand of the 
tissues to the point where this de- 
mand cannot be fulfilled. In these 
cases, drugs which depress the res- 
piratory mechanism are thought to 
inhibit the integration between in- 
creased oxygen demand and the 
available oxygen supply. . . . For 
every degree of fever there is a cor- 
responding 1 increase of at least 7 per 
cent in oxygen demand. Several of 
the cases under discussion were 
children with high temperatures at 
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the time of operation who began 
having generalized convulsions im- 
mediately following operation or on 
the operating table during nitrous 
oxide-oxygen-ether or ether anes- 
thesia. . . . It is of utmost impor- 
tance to keep up the blood volume 
during operative procedures in or- 
der to avoid anoxic brain changes. 
In the integration necessary for 
adaptation to lowered blood volume 
and anemia ... the amount of oxy- 
gen supplied with the anesthetic 
must be increased to meet the chang- 
ing conditions in the patient’s in- 
ternal environment or cerebral tis- 
sue will succumb. ... Excessive pre- 
operative medication may set the 
stage for cerebral anoxia because 
the respiratory and cardiac centers, 
depressed by drugs, cannot function 
properly to meet varying oxygen 
demands of cerebral tissue during 
anesthesia. . ... Any imbalance in 
the neurohumoral chemistry of 
cerebral cells must be taken into 
account. . . . Dehydration, hypogly- 
cemia or hyperglycemia, deficiencies 
in calcium, potassium, or phos- 
phorus can inhibit the ability of - 
the cell to utilize oxygen and in this 
way initiate a destructive anoxia. 
...In 5 patients with cerebral 
changes following spinal anesthesia, 
. large doses of pre-operative 
medication had been given in each 
instance. .. . It appears that in rare 
cases even local anesthesia may set 
up a histotoxic anoxia, leaving 
cerebral devastation in its wake.” 
(1939) reported 
four cases, in the first of which a 
man, aged 37, was given avertin 
(100 mg. per kg.) in preparation 
for encephalography. Collapse was 
followed by a twenty-four hour 
period of restlessness. Spasticity 


developed. He remained uncon- 
scious until death ninety-six hours 
after the episode. 
defects 


Extensive dif- 


fuse and degenerative 


$ 
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changes in the ganglion cells, prolif- 
erative reaction of the neuroglia, 
and cells in a state of dissolution 
were reported after autopsy. The 
second case had previously been re- 
ported (Gebauer and Coleman*®). 
The third, a man, aged 30, received 
nitrous oxide and oxygen anes- 
thesia for repair of an injury of a 
finger. After a few breaths of pure 
nitrous oxide, cyanosis developed. 
Oxygen 12 per cent, then 20 per 
cent, did not improve the color. A 
small amount of ether was given. 
Respiratory arrest ensued. This was 
corrected by artificial respiration. 
Consciousness was regained slowly. 
Convulsions and clouded sensorium 
were apparent upon recovery. On 
the second postoperative day the 
patient became noisy and restless; 
the third day visual disturbances 
were noted. The patient left the 


hospital on the fourth day, appar-. 


ently normal. Tremor and convul- 
sions returned. On the fifth day 
spastic gait, hypertonicity of the 
left arm and leg, and progressive 
paralysis developed. He became 
stuporous and restless, and twitch- 
ings were noted until death on the 
twelfth postoperative day. Exam- 
ination of the brain showed a de- 
generative process. The fourth case 
had previously been reported 
(O’Brien and Steegman!), 
McClure et al?! (1939) reported 
four cases. Case 1.—-Following an 
anoxic episode, the patient died in 
the operating room. Case 2.—Fol- 
lowing an operation which lasted 
three and one-half hours, the patient 
continued in a drowsy state. Speech 
and swallowing’ difficulties were 
noticed as well as left facial par- 
alysis and mental confusion. The 
anesthetic was not specified. The 
patient was “discharged.” Case 3.— 
Avertin, nitrous oxide-oxygen were 
administered following which the 
patient remained unconscious for 
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five days; later he was mentally 
confused. Case 4.—Following ethy- 
lene-oxygen-ether anesthesia a pa- 
tient did not regain consciousness. 
Four and one-half months later the 
speech was unintelligible and hemi- 
plegia persisted. 


Dawkins*® (1940) reported 2,406 
anesthesias with 
which nine were attended by con- 
vulsions, none fatal. Of 196 in-pa- 
tients, four had convulsions. Of 
2,210 out-patients, five had convul- 


sions. The in-patients had convul- 


sions similar to those seen with deep 
ether anesthesia during the close of 
operations. The out-patients were 
children between the ages of 3 and 
9, and in each instance the convul- 
sions came on “after the anesthetic 
was concluded. Anesthesia was 
normal in each case and the child 
was then removed to the recovery 
room, where it recovered conscious- 
ness sufficiently to start spitting out, 
twitching of the facial muscles then 
began, and soon all the muscles of 
the body were involved. The child 
would then become unconscious and 
cyanosed, and would cease breath- 
ing. . . . Artificial respiration was 
employed and preparations were 
made to give evipan; but in each 
case respiration restarted before 
evipan was given, and the convul- 
sions gradually ceased. The colour | 
returned to normal and the child 
would then sleep for about an hour. - 
If awakened before this it would get 
up and run about the room, banging 
its head on the walls and appearing 
completely incoordinated. . . . Those 
who were allowed to sleep during 
the cessation of convulsions awoke 
normally in about an hour... . The 
mental symptoms would appear to 
indicate some form of cerebral 
damage, fortunately not of a per- 
manent nature.” 


Batten and Courville® (1940) re- 
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ported ten cases, the first five having 
been previously reported. 


Case 6.—A woman, aged 27, was 
delivered of a normal child under 
nitrous oxide and oxygen anesthe- 
sia. She remained unconscious for 
thirty-five hours. During this period 
she talked and repeatedly asked 
about the condition of her child. 
When consciousness returned she 
had blurring in the left visual field, 


thickness of speech, difficulty in. 


swallowing, jerking movements of 
both arms, and marked paresis of all 
extremities. These symptoms per- 
sisted for one month. During the 
next three months she was easily 
fatigued, emotionally unstable, had 
a feeling of inadequacy, and loss of 
interest in her work, social contacts, 
and music. Her memory was poor, 
and it was difficult for her to con- 
centrate. Three years later she was 
still somewhat unstable; when fa- 
tigued her hands were unsteady ; her 
interests in avocations had not en- 
tirely returned. “This ‘flattening of 
the emotional curve’ seems to be 
one of the persistent residual char- 
acteristics of the anoxemic states 
provoked by nitrous-oxide oxygen 
anesthesia.” 


Case 7A woman, aged 30, had 
a precipitate delivery. Nitrous 
oxide-oxygen-ether anesthesia was 
given for repair of a _ lacerated 
perineum. After a short period of 
time respirations became’ labored, 
then ceased. They were re-estab- 
lished within a few minutes upon 
administration of oxygen. She re- 
mained comatose, and convulsions, 
restlessness, and delirium developed. 
Her mental condition improved. 
Examination four days after the 
episode found her rational; there 
were apraxia of the right hand and 
limitation of vision to the lower 
quadrants of the visual fields. Five 
weeks later she appeared to be per- 
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fectly normal. “The period of res- 
piratory failure was very short and 
this probably accounts for the lack 
of permanent mental symptoms.” 


Case 8.—A woman, aged 28, fol- 
lowing an incomplete abortion, had 
a dilatation and curettage done 
under nitrous oxide-oxygen anes- 
thesia. Cyanosis and rigidity devel- 
oped, but there were no cardiac or 
respiratory irregularities. When she 
was removed from operating table, 
she screamed in a hysterical man- 
ner. This continued until she was 
quieted with paraldehyde. One hour 
later restless stupor and purposeless 
movements of the extremities de- 
veloped. She could not be aroused. 
Later in the day she became quieter. 
The next day she seemed quite 
normal mentally. Nine days later 
there were no residual symptoms. 
“The peculiar staring silent gaze 

. seems to be one of the imme- 
diate residual characteristics of the 
condition.” 


Case 9.—A woman, aged 26, 
whose hemoglobin was 50 per cent, 
did not recover promptly following 
nitrous oxide-oxygen anesthesia. 
She appeared to be very dull, unable 
to comprehend, would sit upright in 
bed staring wide-eyed, and ask 
questions in an idiotic manner. She 
appeared to be distressed mentally, 
moaned, and moved her arms in an 
aimless manner. Oxygen inhala- 
tions and transfusion were given, 
and she became quiet. The next 
morning she was somewhat obtuse 
mentally but understood what was 
said to her and talked in a rational 
manner. There was amnesia for 
events of the previous day. From 
then on there was an uneventful 
postanesthetic course. She was per- 
fectly normal mentally fourteen 
days later. 


Case 10.—A boy, aged 5, had 
eight teeth removed under nitrous 
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oxide-oxygen anesthesia. He was 
never cyanotic but once “caught his 
breath.” He slept for two hours 
and when roused cried out in a 
hysterical manner. He did not rec- 
ognize his mother. Later he cried 
incoherently and was unco-opera- 
tive. There was advanced defect in 
sight and hearing. The next morn- 
ing he had entirely recovered. 


Monroe and Benjamin?!®® (1941) 
reported a case of convulsions in 
which some of the symptoms of 
acute anoxia were evident. Follow- 
ing a convulsion that occurred after 
seventy-three minutes of anesthesia, 
the patient died on the seventh post- 
operative day. “A neurological ex- 
amination . . . was made 36 hours 
after the onset of convulsions. The 
patient was in profound stupor, 
there was no response to pin pricks. 
The ankle jerks were present and 
about equal; the knee jerks were 
present and very brisk. . . . No 
pathologic reflexes were present. 
The cremasteric and abdominal re- 
flexes were absent. No facial asym- 
metry was present; the patient did 
not respond to external stimuli... . 
Necropsy was performed four hours 
after death. . . . The essential ana- 
tomic diagnosis was: Bilateral con- 
fluent broncho-pneumonia; unre- 
solved pneumonia with beginning 
carnification ; necrotic hemorrhagic 
infarct of the left upper pulmonary 
lobe ; pulmonary thrombosis ; dilata- 
tion of the right heart ; mild diffuse 
hemorrhages of the pia-arachnoid ; 
edema and perivascular hemor- 
rhages of the brain; hypoplasia of 
the aorta ; involution of the thymus ; 
atrophy of thyroid. . . . The severe 
generalized ganglion-cell degenera- 
tion found as a result of heat stroke 
or hyperthermia was not observed.” 


Courville** (1941) studied cere- 
bral anoxia and ether anesthesia. He 
reported two cases and commented: 
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“The relatively high mortality of 
cases with ether convulsions .. 
about 18% . clearly indicates 
that we are not dealing with an 
ordinary convulsive state but one 
symptomatic of a more lethal back- 
ground. . . . More to the point in 
the possible connection of ether 
complications with true asphyxia 
are those instances in which death 
is delayed for a variable interval of 
time, or in which permanent or 


‘transitory neurologic or psychiatric 


manifestations betoken serious or 
minor disturbances of the gray mat- 
ter of the brain. . . . Case 1, Ethyl 
chloride ether anesthesia. . . . Cy- 
anosis and cardiac failure under 
anesthesia, successful resuscitation 
but persistent coma after operation, 
decerebrate rigidity and blindness 
as residuals. Alive, completely blind, 
and spastic ten months later... . 
Case 2, Ether anesthesia. . . . Res- 
piratory failure necessitating arti- 
ficial respiration and administration 
of stimulants. Recovery followed 
by psychosis and spasticity. Gradual 
recovery, death two years later of 
alcoholism.” 


Johnston®? (1941) reported five 
cases in one of which a man, aged 
40, who died: seven hours after oper- 
ation (anesthetic agent was not re- 
ported) had symptoms suggestive of 
cerebral damage. 


Schnedorf et al'®° reported two 
cases and experiments on two dogs 
and reviewed the literature. -The 
first of the cases was of a man, 
aged 58, who was given 100 mg. 
procaine hydrochloride and 5 mg. 
pontocaine intraspinally in the third 
lumbar space. Anesthesia was to 
the fourth thoracic level. Anesthesia 
was supplemented with inhalations 
of nitrous oxide and oxygen in a 
50-50 per cent mixture. Shock de- 
veloped. Blood pressure was unde- 
tectable, and respiration ceased. 
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With resuscitative procedures, res- 
pirations became spontaneous after 
twenty-five minutes. The patient re- 
acted the following day but re- 
mained comatose for several days. 
He remained irrational until death 
twenty-one days later. Extensive 
cerebral damage, typical of anoxia, 
was shown at autopsy. The second 
patient was a boy, aged 3, who did 
not react for several hours after 
ether anesthesia. Lateral horizontal 
nystagmus and twitching-of facial 
muscles were noted. Spasms of the 
upper extremities progressed to 
generalized convulsions, cyanosis, 
and death fourteen hours later. 
Postmortem examination showed 
involvement of the brain cortex and 
brain stem, vascularization of white 
matter with extravasation of blood, 
and degeneration of brain cells. Two 
dogs were subjected to conditions 
simulating those that existed during 
the anesthesias. The brains showed 
the same changes as those present 
in the patients. 

Lorhan et al®* (1941) studied the 
histopathologic changes in rats fol- 
lowing administration of pentothal 
sodium and sulfanilamide. They 
found that “Sulfanilamide in doses 
of 0.6 to 1.0 Gm. per Kg. produces 
toxic effects which render white 
rats more susceptible to pentothal 
sodium. With a dosage of 1.0 Gm. 
per Kg. marked neurological symp- 
toms are observed.” 


Ingleby et al®8® (1941) made com- 
parative autopsy studies of eighteen 
dogs after anesthesia. Barbiturates, 
ethyl ether, and cyclopropane with 
oxygen were the agents used in the 
studies. They found that “in the 
brain, the cortex was most affected. 
Each anesthetic used caused varying 
degrees of Nissl’s acute degenera- 
tion. In the cyclopropane-oxygen 
group the cerebral lesions were 
definitely more severe. All of this 
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group showed some neuronophagia, 
the extent did not depend on the 
number of administrations. In in- 
terpreting these findings we con- 
sider that the acute degeneration 
was due to the lethal dose of the 


anesthetic. Néeuronophagia and glial 


changes indicate a longer standing 
lesion, and are probably the conse- 
quence of previous administrations 
of the anesthetic. If this be so, it 
would indicate that cyclopropane- 
oxygen is definitely more toxic to 
nerve cells than the barbiturates or 
ether. When brains and livers from 
the first few dogs were examined it 
was thought that there might be 
some correlation between liver and 
brain damage. However, careful 
comparison of sections from the 
whole series showed that this was 
not so... . Two points seemed to 
emerge; the first is that the clini- 
cian’s fear of damage to the liver 
as a result of anesthesia is well 
founded; the second is that the 
effects of cyclopropane-oxygen on 
the central nervous system will bear 
watching.” 


Turino and Merwarth**® (1941) 
reported an incident in which a wo- 
man, aged 31, was given gas-oxygen 
anesthesia for the delivery of a 
stillborn baby. Ether was added to 
produce complete anesthesia. “As 
the head was being delivered with 
forceps . . . the patient’s respira- 
tion became irregular, shallow, and 
slowed to less than 8 per minute. 
The pulse of poor quality became 
momentarily imperceptible, and then 
quickened to 144 per minute... . 
Approximately one hour following 
delivery of the fetus, there occurred 
muscular twitching of the face, first 
involving the left and later both 
sides, extreme restlessness and unin- 
telligible jabbering sounds. The 


eyes remained open and staring, the 
pupils were dilated, and the lower 
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extremities were spastic. Five 
hours after delivery the upper ex- 
tremities became rigid. The patient 
tossed her head from side to side, 
cried out loudly, and threshed 
around so much that restraint was 
necessary. The facigl grimaces con- 
tinued. The clinical picture 
forty-eight hours later was that of 
wide-spread decortication. ... Death 
occurred . . . three and one-half 
months after the anoxic episode. 
. . . Grossly scattered minute areas 
of necrosis were found in the gray 
and white matter of the cortex and 


the gray matter of the base of the . 


brain. . . . Factors which may be 
responsible for anoxia have been 
traced to faulty gas machines, im- 
purities of the gas, alcoholism on 
the part of the patient, or the un- 
skilled anesthetist.” 

White et (1942) studied 
changes in brain volume during an- 
esthesia, anoxia, and hypercapnia. 
Swelling of the brain occurred dur- 
ing exploration for an hypophyseal 
adenoma under local anesthesia sup- 
plemented with nitrous oxide and 
oxygen. Minor cyanosis produced 
swelling of the brain. In experi- 
ments on cats, during barbiturate 
or ether anesthesia, no swelling oc- 
curred when the airway was unob- 
structed. Anoxia, however, caused 
an increase in intercellular or intra- 
cellular fluid, or both. 

Tye*#® (1942) reported five cases 
of convulsions of anesthesia with 
two deaths and: three recoveries. 
One of the patients died during the 
convulsion; the other patient who 
died lived twenty-nine days in a 
state of decerebrate rigidity without 
ever regaining consciousness. 

Ray and Marshall!** reported 
twelve cases of convulsions that oc- 
curred during general anesthesia. 
The nine patients who survived 
showed delayed recovery from an- 
esthesia or late sequelae, or both. 
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The ages ranged from 2 to 44 years. 
Three children were given ether, six 
of the group received closed-mask 
ether with nitrous oxide-oxygen, 
two had ethylene-ether-oxygen, and 
one had cyclopropane-oxygen-ether. 
The authors thought that a con- 
tributing cause was the inhibition 
of the ability of cells of the brain 
to utilize oxygen. “One patient has 
what appears to be permanent 
changes in temperament and per- 
sonality while another has residual 
hemiparesis. . . . In four of the 
seven patients subjected to electro- 
encephalography at varying periods 
after their operations, there were 
pathologic changes recorded.” 

Suggs'** (1943) reported a case 
in which a woman, aged 32, was 
given nitrous oxide and oxygen for 
fifteen minutes. The induction was 
“stormy.” Respiratory arrest oc- 
curred although there was no cyan- 
osis (hemoglobin 66 per cent) or 
pallor. Artificial respiration, oxy- 
gen inhalation, and stimulants were 
given. An hour elapsed before vol- 
untary respirations returned. Three 
hours later spastic convulsions be- 
gan; these recurred at varying in- 
tervals. Consciousness never re- 
turned. She lived in a static state 
for forty-one days. The postmor- 
tem examination showed “Degen- 
erative lesions of the ganglion cells 
varying in severity with different 
regions of the cortex, being most 
prominent in the parietal lobes. 
Basal ganglia and midbrain are only 
moderately involved. The cerebel- 
lum reveals extensive degeneration 
of Purkinje cells. The Ammon’s 
horn shows only few scattered de- 
generative ganglion cells.” 

Woodhall and Goodman? 
(1943), reporting the use of pento- 
thal sodium in neurologic surgery, 
cited five cases in which complica- 
tions developed, two of which are 
pertinent. 
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Case 1.—A woman, aged 23, re- 
ceived 2.9 Gm. pentothal sodium in 
seventy-five minutes for repair of 
median and ulnar nerves. She re- 
acted in two hours, became maniacal 
for four hours. She was drowsy 
for twenty-four hours. “The in- 
fluence of the anesthetic agent in 
this reaction was not clear.” 

Case 2.—A woman, aged 35, was 
given 1.45 Gm. pentothal sodium for 
section of the sensory root of the 
fifth nerve by the subtemporal ap- 
proach. After recovery two hours 
later, she became maniacal and re- 
mained so for the next twenty-four 
hours. 

Aageson! (1944) reported a case 
of a girl, aged 12, who was anes- 
thetized with nitrous oxide-oxygen- 
ether for an appendectomy. There 
was normal return of consciousness. 
Deafness was noted two days after 
operation. Dizziness to the point 
of falling developed after the child 
had left the hospital. This symp- 
tom disappeared two weeks later. 
The deafness persisted. In com- 
menting on the case the author said, 
“the lesion appears organic in na- 
ture and the outlook for further re- 
covery seems doubtful.” 

Fletcher*? (1945) reported in de- 
tail eight of twenty-nine cases that 
had come to his attention. 

Case 1.—A woman, aged 60, had 
nitrous oxide administered for den- 
tal extraction at the age of 29 years. 
An episode of difficulty during the 
anesthesia had occurred. After 
thirty years there were apparent re- 
sidual neurologic signs. 

Case 2.—A woman, aged 35, a 
daughter of the patient previously 
described, had no difficulty follow- 
ing nitrous oxide anesthesia given 
for the delivery of her child. Ni- 
trous oxide was given for short pe- 
riods at ten different times for den- 
tal work. Residual signs of per- 
sonality disintegration were appar- 
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ent two years later. These were 
interpreted as the accumulated ef- 
fect of many anesthetics. The oc- 
currence of similar reactions in 
mother and daughter was suggestive 
of a predisposition to anoxia. 

Case 3.—A man, aged 21, was 
given nitrous oxide on nineteen dif- 
ferent occasions for dental work. 
One year later, residual neurologic 
signs were apparent. 

Case 4.—A woman, aged 42, had 
been anesthetized for tonsillectomy 
at the age of 12. (The agent was 
not recorded.) Following the an- 
esthesia she was lethargic for a 
week, and persistent headaches de- 
veloped. At the age of 19, she was 
given chloroform during the deliv- 
ery of a child. The baby was criti- 
cally ill for five weeks after birth. 
At the age of 22, the patient had 
ether anesthesia, and at 24, during 
nitrous oxide-oxygen-ether anesthe- 
sia, she had an episode of respira- 
tory difficulty. Several months later, 
residual symptoms persisted. At the 
age of 32, she had a nervous break- 
down and psychotic signs after ni- 
trous oxide anesthesia for dental 
work. At age 35, a series of ni- 
trous oxide anesthetics were given 
for treatment of furuncles. There 
were flare-ups of the mental condi- 
tion. Four times nitrous oxide was 
given for dental treatment with 
mental flare-ups after each. 

Case 5.—A boy, aged 6, was given 
nitrous oxide-oxygen anesthesia for 
tonsillectomy. No untoward inci- 
dent occurred. There was a decline 
in his mental state. Two years 
later he began to show marked im- 
provement. 

Case 6.—A man, aged 20, was un- 
conscious after nitrous oxide-oxy- 
gen-ether anesthesia for seven 
hours. Mild persistent residual 
signs were evident. 

Case 7.—A man, aged 22, had 
nitrous oxide-oxygen-ether anesthe- 
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sia for appendectomy. There was 
no episode of difficulty. One year 
later cerebral disturbances were 
manifested. After another year he 
was improving. 

Case 8.—A man, aged 20, had a 
toe nail removed under nitrous 
oxide-oxygen anesthesia. Nervous 
instability that had existed before 
the operation was enhanced by the 
anesthetic. 

Pisetsky#** (1945) 
case in which the patient, a man, 
when 33 years of age had ether for 
ninety-five minutes for a mastoid- 
ectomy. There were no complica- 
tions during or immediately follow- 
ing operation. He was a “heavy 
drinker.” ‘The day after operation 
left hemiplegia was noticed. The 
condition became permanent. Six 
months later, while intoxicated, the 
patient was anesthetized for one 
hour for appendectomy. The an- 
esthesia was “‘difficult.”’ Three hours 
after operation he was restless and 
cyanotic. He was aphasic and had 
swallowing difficulty and continued 
restlessness. He was _ restrained. 
There was gradual improvement. 
He was discharged on the twenty- 
first postoperative day. 

Barach and Rovenstine® (1945) 
reported a case of a boy, aged 13, 
who became markedly cyanotic aft- 
er one half hour of nitrous oxide 
anesthesia for reduction of a frac- 
tured femur. Oxygen restored the 
color to normal. The child died 
on the fifth day without regaining 
consciousness in a completely de- 
cerebrate state. 

Hamilton®® (1945) reported a 
case of ether convulsions. A boy, 
aged 9 years and 10 months, was 
given ethyl chloride and_ ether 
for an appendectomy. Convulsions 
started soon after the ether was 
added. Anesthesia was deepened, 
oxygen and chloroform, carbogen, 
coramine, luminal, atropine, calcium 


reported a. 
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gluconate, and saline solution were 
used in attempts to control the con- 
vulsions. The following day he was 
still unconscious. On the second 
day, while he was still unconscious, 
the arms were stiff. The next day 
he made mumbling responses to 
questions. Convulsions continued. 
Magnesium sulfate, enemas, pheno- 
barbital, and insulin with glucose 
were tried at various times. Three 
weeks after the operation there was 
increased spasticity. An extension 
frame and physical therapy were 
used to combat contractures that 
were developing. About six weeks 
after operation the spastic condi- 
tion became less severe. There was 
gross wasting of muscles. The boy 
spoke a few words and had the men- 
tality of a young child. “It is sug- 
gested that the condition could be 
accounted for by thrombosis of the 
superior longitudinal sinus, and it 
appears unlikely that a complete re- 
covery can be expected.” 

Among others, Feldman*®® (1945) 
suggested the use of from 40 to 50 
per cent oxygen in dental anesthesia 
to prevent oxygen want. 

Schmidt?*® (1945) in discussing 
respiratory physiology said: “Di- 
rect study of the oxygen consump- 
tion of the brain in situ has shown 
that cerebral metabolic activity 
runs parallel to cerebral functional 
activity and that convulsions may 
lead to cerebral anoxia (with all its 
consequences ) because they increase 
the oxygen demand beyond the 
available supply.” 

Wilson’** (1946) gave a soldier 
0.7 Gm. pentothal sodium in prepa- 
ration for dental extraction (which 
was not done). Cyanosis and res- 
piratory arrest were treated with 
oxygen, carbon dioxide, and ar- 
tificial respiration. Spontaneous 
breathing began one hour after ces- 
sation. The patient was semicon-. 


scious. Violent “jactitation” oc- 
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curred. The next morning he was 
drowsy and blind. Seven days later 
“pins and needles”’ in the right hand 
and tremors with spasmodic con- 
tractions of the flexors of the fore- 
arm developed. The contractions 
extended to the left arm and left 
leg. Sixty-seven days later his eyes 
had improved to “slightly short of 
normal.”’ | 

Lenahan and Reed*® (1947) re- 
ported a case of apparent decere- 
brate rigidity. “The patient, a forty- 
seven year old white male, entered 
{the hospital} at 4:30 p. m., October 
26, 1944, for repair of a right indi- 
rect inguinal hernia. There was an 
alcohol odor on his breath. .. . His 
history was negative except for an 
attack of acute. anterior poliomy- 
elitis twenty-seven years earlier, 
which left no residual damage... . 
Anesthesia was induced with 2.5 per 
cent of sodium pentothal and sup- 
plemented with cyclopropane-oxy- 
gen. Induction was difficult and 38 
cc. of pentothal was necessary be- 
fore unconsciousness resulted and 
cyclopropane-oxygen was given. 
Throughout the forty-five minutes 
of actual operation, anesthesia was 
maintained on cyclopropane 150 ce. 
and oxygen 300 cc. per minute. 
Supplementary pentothal was not 
required during operation. An<air- 
way was introduced soon after an- 
esthesia had become established. 
When the patient left the operating 
room, his pharyngeal reflexes had 
returned and the airway was re- 
moved. ... On the way to his room 
the patient stopped breathing and 
became very cyanotic. The cessa- 
tion of breathing with cyanosis last- 
ed about two or three minutes. Arti- 
ficial respiration was begun at the 
end of one minute and continued 
while the patient was being removed 
from the stretcher cart and after he 
was put in bed. Administration of 
oxygen by nasal catheter was begun 
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immediately, together with intra- 
venous saline solution and artificial 
respiration by the Schaefer prone 
method continued for ten minutes. 
The airway was open and a good 
exchange of air was maintained. In 
addition to manual resuscitation and 
the administration of oxygen, 2 cc. 
each of coramine and metrazol were 
given intravenously five minutes 
apart. Plasma was used to replace 
the saline solution. The patient now 
began a labored type of breathing. 
... Due to rigidity of the patient’s 
neck and inability properly to visu- 
alize the larynx, intubation was not 
successful. . . . Shortly afterward 
the patient began to have convul- 
sions which were characterized by 
aimless movements of the arms and - 
legs. . . . The eyeballs were roving 
as in anesthesia of the second or 
early third stage. Profuse diapho- 
resis was observed, the patient’s 
body feeling cold and clammy. A 
nasopharyngeal tube was _intro- 
duced. ... . The tonic and clonic 
movements continued without ceas- 
ing and at the end of one hour 100 
mg. of curare ... was given slowly 
by the intravenous route. This 
stopped the convulsions and for the 
next thirteen and one-half hours 
curare was given intermittently in 
sufficient amounts to control them. 
...A Magill intratracheal tube was 
then inserted. 

“Continuous oxygen was admin- 
istered through the intratracheal 
tube. ... Because of the large doses 
of curare that were necessary 
to control the convulsions, active 
breathing was sometimes halted and 
it was necessary to resort to passive 
respiration for a few minutes until 
normal respiration was again estab- 
lished. .. . About sixteen hours after 
he was returned from surgery, the 
patient began to respond when spo- 
ken to and to complain about the 
intratracheal tube. It was removed 
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and a nasal catheter inserted. 
Twenty-four hours postoperatively 
the patient was able to void volun- 
tarily, expel flatus, and ask for a 
cigarette. His speech was thick and 
slow ; his stretch reflexes were hy- 


peractive, but the pathological re- | 
For the edema 


flexes were absent. 
of the brain cells the neurological 
consultant prescribed 50 cc. of 50 
per cent glucose to be given intra- 
venously every eight hours for six 
doses. . . . The temperature rose 
steadily to a peak of 104°F. at 2 
a. m. on the first postoperative day, 
then dropped slowly to normal by 
the third postoperative day. There- 
after recovery was more or less un- 
eventful.” The patient returned to 
a responsible position. After. two 
years he showed no mental impair- 
ment. 

Ruzicka and Nicholson?** (1947), 
in commenting on cardiac arrest 
under anesthesia, said: re- 
vival of cardiac and respiratory ac- 
tivity does not mean that the eventu- 
al recovery of these patients is as- 
sured. ... In the presence of clini- 
cal signs of severe damage to the 
brain, abnormalities in the brain 
usually are not discovered at ne- 
cropsy. Those patients who recover 
have a constant loss of memory for 
events twenty-four hours previous 
to operation.” 

Woolmer?*? (1948) reported an 
instance involving accidental injec- 
tion of procaine. “Cisternal my- 
elography was to be performed on 
a woman of 39 suffering from a 
tumor of the cervical cord. As a 
result of confusing two similar 
syringes, 3 c.cm. of 2% procaine 
(60 mg.) was inadvertently injected 
into the cisterna magna instead of 
opaque oil, while the patient was 
sitting upright in a chair. Within 


a few seconds of the injection the 
patient complained that her head 
felt hot. She lost consciousness dur- 
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ing the second minute after the in- 
jection. Respiration ceased about 
a minute later, and remained in 
abeyance for 45 minutes. All re- 
flexes were abolished and there was 
a profound flaccid paralysis, but no 
marked cardiovascular depression. 
There was extreme cyanosis from 
the onset of respiratory paralysis 
until effective artificial respiration 
was established 5-10 minutes later, 
and the pulse became feeble towards 
the end of this period, but regained 
a satisfactory volume when the an- 
oxaemia was corrected. 

“Artificial respiration was main-- 
tained by rhythmic insufflation of 
oxygen through an_ endotracheal 
tube, and the patient’s condition 
remained fairly good, in spite of 
the profound flaccidity. Sponta- 
neous respiration began to return 
45 minutes after it had ceased, and 
was fully re-established in a few 
minutes. The laryngeal reflex be- 
came active ten minutes later. The 
patient did not regain consciousness, 
however, and during the next three 
hours she had a series of convul- 
sions. From then, until she died six 
days later, the clinical picture was 
typical of grave neuronal damage 
following cerebral anoxia, with un- 
consciousness, convulsions, rigidity, 
mask-like facies and profound de- 
mentia. The histological findings 
were complicated by the presence 
of a malignant tumor occupying 
much of the cord and extending 
into the brain stem. . . . The tumor 
may have rendered the neurones 
abnormally sensitive, but it is clear 
from a study of Courville’s cases 
that the oxygen lack to which they 
were subjected could have caused 
similar damage in healthy neurones. 
In short, the supposition is that this 
dose of procaine intra-cisternally 
was enough to cause profound, but 
reversible, respiratory paralysis. 
The irreversible changes which 
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killed the patient were due to 
anoxaemia.” 

In the “Queries and Minor 
Notes” section of the Journal of 
the American Medical Association 
(1948) a pertinent question is 
asked and answered?”°: 

“To the Editor:—What are the 
references to literature regarding 
cerebral cortical changes that may 
take place with drop in blood pres- 
sure following spinal anesthesia with 
subsequent acute collapse and 
cardiac and respiratory failure? The 
patient recovers after a few min- 
utes; begins to breathe and to have 
normal heart beat and blood pres- 
sure. Is there evidence indicating 
that such persons through depriva- 
tion of oxygen to cortical cells will 
subsequently lead a vegetative ex- 
istence without normal conscious- 
mess’... 

“Answer. — Reference has been 
made many times in the literature 
to damage to the brain which fol- 
lowed use of various kinds of anes- 
thetics and which resulted from a 
variety of conditions during anes- 
thesia. ... A variety of results have 
been observed. In some cases the 
patient never regains consciousness 
and dies ten to twenty hours after 
resumption of breathing and after 
the return of pulse rate and blood 
pressure to satisfactory levels. Also, 
partial recovery, as well as full re- 
covery, may occur.” 

Etsten and Himwich** (1948) 
determined the degree of oxygena- 
tion of the blood during pentothal 
sodium anesthesia, “determinations 
which are to serve as a guideline to 
the limits of safety....A 1 per cent 
solution of pentothal sodium was 
administered intravenously to non- 
premedicated and non-operative 
subjects. .. . Arterial blood samples 
were drawn from the femoral artery 
while the patient was in the resting 
state and during the various stages 
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and planes of anesthesia. . . . Thirty- 
eight observations were made on 
eleven patients. ... The intravenous 
administration of sodium pentothal 
produces anoxia and an increase of 
carbon dioxide content in the blood 
during moderate surgical anesthesia 
and deep surgical planes of anes- 
thesia. The institution of oxygen 
therapy by insufflation is insufficient 
to correct the depletion of accumu- 
lation of the blood gases during the 
deep planes of anesthesia. Supple- 
mental respiration technic of oxy- 
gen therapy is the most efficient 
method that can be instituted dur- 
ing pentothal anesthesia to avoid 
anoxia and hypercapnia.” 

Strohl and Sarver!*! (1948) re- 
ported a case of a girl, aged 7, who 
was given cyclopropane for appen- 
dectomy. Twenty minutes after the 
incision was made, it was noticed 
that clonic movements of the face, 
arms, legs, and abdominal muscle 
were present. One grain (0.064 
Gm.) of phenobarbital was given 
intramuscularly. Convulsive move- 
ments became more pronounced and 
persisted for fifteen minutes. At 
this time cyanosis developed and 
respirations stopped. Spontaneous 
respirations started after ninety 
seconds of artificial respiration. The 
rectal temperature was 106 F. Con- 
vulsions recurred intermittently for 
forty-eight hours. Alternate coma 
and excitation continued for nine 
days. Mental evaluation tests, three 
months after operation, showed an 
estimated age of five to ten months. 
“Movements were uncoordinated 
and characterized by coarseness, 
spasticity, cog-wheel rigidity and 
weakness. The child could not stand . 
or walk. She was discharged one 
hundred and thirty-six days after 
the onset of illness.” 

In addition to the cases included 
in the preceding sequence, there 
are, among several newspaper ac- 
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counts of accidents occurring dur- 
ing anesthesia, two which seem to 
belong in the group under discus- 
sion and which have not yet been 
identified with cases reported in 
medical journals. 

A law suit'®* was brought against 
a doctor by the husband of a patient, 
aged 33. She had been “rendered 
permanently unconscious by an op- 
eration” almost two years before. 
Ever since the operation she 
~ “neither sees, nor feels, nor under- 
stands.” Pentothal sodium was 
used as the anesthetic. In the suit 
the husband claimed that “an air 
bubble entering the blood-stream. 
... caused anoxemic damage to the 
nervous system and degeneration of 
the brain tissue.” 

In another newspaper account? 
microscopic tests were to be made 
to determine the cause of death of 
a woman, aged 38, “who had been 
unconscious for six weeks after be- 
ing given an intravenous anesthetic 
preliminary to a facial operation.” 
Sodium nembutal was used intra- 
venously as a preliminary anes- 
thetic, and 60 units of curare was 
given to relax the muscles of the 
throat. “However, a spasm of the 
larynx occurred and the operation 
was interrupted twice for adminis- 
tration of oxygen.” 

In other newspaper accounts of 
deaths during anesthesia, incidents 
similar to those recounted in medi- 
cal journals are common. Details 
are not sufficient to warrant includ- 
ing them in the present review. 

In summarizing their cases, Bat- 
ten and Courville? (1940) have 
stated the conclusion which may 
well be drawn for the entire series. 
“The residual, mental and emotional 
symptoms vary considerably as to 
their nature, severity and persist- 
ence. Disturbances of conscious- 


ness, aS coma or stupor, are invari- 
ably present. This state is followed 
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by delirium, transitory or recurrent 
hysterical outbursts, emotional in- 
stability, hallucinatory or cataleptic 
states or mental confusion. In pa- 
tients who survive, progressive de- 
mentia has been reported, although 
improvement even after weeks or - 
months has also been observed. 
Psychotic states may be (1) transi- 
tory and followed by more or less 
complete recovery, (2) recurrent, 
often resulting in more serious de- 
mented states or deaths, or (3) 
progressively downward leading to 
more or less complete dementia. 
After the period of anesthesia, irri- 
tative motor phenomena (convul- 
sive, muscular twitchings or car- 
phologia) often accompany the 
mental disturbances. In _ patients 
who survive for days or weeks or 
who live with persistent mental or 
emotional changes, signs indicative 
of lenticular damage (athetosis, 
choreiform movements and muscu- 
lar rigidity ) are commonly seen. Al- 
coholism seems to predispose to 
cortical damage, resulting in the de- 
velopment of serious, often persist- 
ent, nervous or mental states, pos- 
sibly due to the preliminary inter- 
ference with cellular respiration. It 
is likely that cerebral and lenticular 
damage are due to the accompany- 
ing asphyxia (anoxic anoxemia) 
and not to the toxic effects of 
nitrous oxide itself. In patients who 
die within a few days or weeks, 
patchy necrosis or subtotal destruc- 
tion of the cerebral cortex is found, 
often associated with necrosis of the 
lenticular nuclei. Similar but less 
extensive changes are found in the 
brain of individuals who survive for 
a longer interval.” 


COMMENT 


Having read the summaries of 
these reports totaling more than 170 
cases (in which accurate counts 
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were given), it becomes apparent 
that the problem of anoxia during 


anesthesia is one with which every — 


anesthetist must become familiar. 
That no such case has occurred in 
the experience of any one anes- 
thetist is either a case of failure to 
recognize the condition or extreme 
good fortune. It is imperative that 
every person administering anes- 
thetics know every sign of oxygen 
want and do everything possible to 
prevent its occurrence. If, in spite 
of every precaution, anoxic mani- 
festations do appear, immediate cor- 
rective measures must be instituted. 

False security will be the result 
of placing confidence -in any agent 
or method on the assumption that 
anoxia does not exist with its use. 
In the reported cases, the agents, 
nitrous oxide, chloroform, ether, 
ethyl chloride, ether-chloroform 
mixtures (FE3C,), ethylene, vine- 
thene, cyclopropane, nembutal, pen- 
tothal sodium, avertin, procaine, 
nupercaine ; and the methods, open, 
semi-open, carbon dioxide absorp- 
tion, rectal, intravenous, spinal, and 
combinations 
used. 


The common factor seems to be 
anoxia, the least serious conse- 
quence of which it is wise to avoid, 
and to the more serious conse- 
quences of which no person would, 
for lack of knowledge, risk having 
contributed. 


This review has been prepared 
with the object of emphasizing a 
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great danger inherent in the prac- 
tice of anesthesia and of economiz- 
ing the time and efforts of those 
who wish to learn more about this 
phase of the complex science of 
anesthesia. Additional references 
will be added in a subsequent report 
that will also include the reports of 
anoxia in relation to fetal and post- 
natal life. 


SUM MARY 


A review has been made of the 
literature pertaining to the cerebral 
effects of anoxia, with emphasis on 
their occurrence during anesthesia. 
The deleterious effects of oxygen 
deprivation were recognized long 
before the mechanisms were under- 
stood. The acceleration of interest 
during the last fifteen years is a 
healthy trend. The appalling conse- 
quences of anoxia are such that 
there cannot be overemphasis of 
the problem in any of its phases. 


Note: In attempting to reyiew the 
cases, it became apparent that true 
evaluations of the incidence of any 
complication cannot be made. The re- 
port of a single case, without indicat- 
ing the total experience of the author 
or the percentage incidence of the epi- 
sode within his experience, makes it 
impossible to correlate the facts prop- 
erly. If a code—e.g., x, representing the 
number of cases reported; y, representing 
the number of the same type of anes- 
thetic; and z, representing the total num- 
ber of cases in the experience of the 
author, as (1/421/10,000)—could be 
used in all case reports, eventually the 
relative importance of any factor could 
be established. 
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NOTES 


When anesthetists get together, they talk about anesthesia. 
about gadgets, special technics, and interesting cases. 


They talk 
This section of NOTES 


was originated so that anesthetists could exchange ideas in writing as they do 


in conversation. 


helped by it. 


THE ADMINISTRATION OF Oxy- 
GEN WITH INSUFFLATION ETHER.— 


We, as anesthetists, realize the im-. 


portance of adequate oxygenation 
to all living matter. In recent years 
clinical studies and scientific re- 
search in the field of oxygen therapy 
have constantly been broadening, 
and, as a result of these studies, the 
importance of early and adequate 
oxygenation has taken tremendous 
strides and is now well established. 


For the past year, at General 
Hospital and at Children’s Hospi- 
tal at Cincinnati, Ohio, we have 
been giving oxygen to all our pa- 
tients who are receiving insufflation 
ether. It is our belief that it has 
proved most successful. Added to 
this the surgeons seem more than 
satisfied with this technic. 


The types of cases in which oxy- 
gen is given with insufflation ether 
are tonsillectomies and adenoidec- 
tomies, nose and throat operations, 
dental procedures, all plastic sur- 
gery on the head and neck in infants 
—such as operations for harelip, 
cleft palate, excision of scars, he- 
mangiomas, etc., — and neurosur- 
gical and eye operations in in- 
fants. (Older children are intubated 
for these procedures. ) 

Our primary purpose for giving 
oxygen to all our patients who are 
on insufflation ether is, of course, to 
prevent the consequences of ob- 


Send in your contribution now. 


Other anesthetists will be 


struction. This obstruction may be 
due, as we all know only too well, ° 
to the mouth gag, the pushing of 
the tongue back into the pharynx, 
or to blood or secretions in the phar- 
ynx. It is because of these condi- 
tions that we treat these children as 
potential anoxic patients. 


Our method of administration is 
this: The one small end of a Y tube 
is connected to the vaporizer of the 
Bellevue Unit, and the other small 
end to the tubing from the portable 
oxygen carrier, which is equipped 
with a regulator. The long end of 
the Y tube is connected to the tub- 
ing with the insufflation hook. Oxy- 
gen is turned on to deliver approxi- 
mately 500 cc. per minute. Another 
advantage of this procedure is that 
in case an emergericy arises oxygen 
is ever ready at your finger tips.— 
LuUcILLE PLATT, R.N., Instructor of 
Anesthesia, Children’s Hospital, 
Cincinnati. 


METUBINE [oDIDE.—Metubine 
Jodide is the latest curare prepara- 
tion to be placed on the market. It 
is.-manufactured by Eli Lilly and 
Company and is available in 10 cc. 
vials. Metubine Iodide is a sterile, 
isotonic, aqueous solution. Each cu- 
bic centimeter of the drug is assayed 
to 20 head drop units, and each cu- 
bic centimeter contains 0.5 mg. of 
the active curare agent, whereas d- 
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tubocurarine chloride contains 3 
mg. of the active curare agent per 
cubic centimeter. The drug has a 
selective action on skeletal muscle 
similar to that of d-tubocurarine 
chloride but has the advantage of 
seldom depressing the respiratory 
system. 

The action of curare at the myo- 
neural junction, blocking efferent 
impulses, has been recognized for 
some time, and the drug has been 
used since 1942 during inhalation 
anesthesia for .relaxation of abdo- 
minal muscles. There have been 
few instances reported that d- 
tubocurarine chloride produces tox- 
ic cerebral or cardiovascular mani- 
festations, but the drug frequently 
produces moderate to severe respi- 
ratory depression. This depression 
was severe enough to instigate re- 
search in an effort to find a suit- 
able synthetic compound that would 
eliminate respiratory depression. 

Pharmacologists described the 
drug as far back as 1938 and stated 
that it was eight trmes more potent 
than d-tubocurarine chloride. Clini- 
cal work was apparently not en- 
gaged in, however, until the spring 
of 1948, when Eli Lilly and Com- 
pany placed a quantity of Metubine 
Iodide at the disposal of the anes- 
thesia department of Indiana Uni- 
versity School of Medicine. Dr. 
V. K. Stoelting,’ director of the de- 


partment of anesthesia, reported on . 


a series of 225 cases. He made the 
early observation that Metubine 
Iodide did not appear to affect the 
muscles of respiration unless mas- 
sive doses were given. Of this se- 
ries of 225 cases, he reported only 
fifteen instances of mild respiratory 
depression, two of which could be 
attributed to the drug. Dr. Stoelt- 
ing also reported that the relaxation 


1. Stoelting, V. K.; Graf, J. P., and Vieira, 


Z.: Dimethyl ether of d- tubocurarine iodide as 
an adjunct to anesthesia. 
Biol. 


Proc. Soc. Exper. 


& Med. 69:565-566, 1948. 
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produced by the initial dose of 
Metubine Iodide was sufficient for 
surgical procedures lasting sixty to 
ninety minutes. After this period, 
it/.was sometimes necessary to sup- 
plement the dosage with 1-2 cc. of 
the drug. 

The degree of relaxation. ob- 
tained with the use of Metubine 
Iodide compares favorably with 
that obtainable with d-tubocurarine 
chloride. Metubine Iodide is simi- 
lar to d-tubocurarine chloride in 
that it has no effect on the central 
nervous system and causes no ap- 
preciable change in the blood pres- 
sure or heart rate. The contraindi- 
cations for its use are the same as 
those for d-tubocurarine chloride, 


namely, respiratory embarrassment, 


renal impairment, and myasthenia 
gravis. 

The dosage of Metubine Iodide 
varies with the anesthetic agents 
used. The manufacturer suggests 
an average dosage of 4 cc. with cy- 
lopropane, 3 cc. with ether, and 6 
cc. with nitrous oxide. 

Since obtaining a supply of the 
drug, I have used it in twenty-five 
selected cases. This is a brief out- 
line of one of the more interesting 
cases. 


A woman, aged 42, was admitted in 
profound shock. She gave a history of 
sudden sharp abdominal pain twenty-two 
hours previously, and a diagnosis was 
made of a ruptured ectopic pregnancy. 
On admission she had an acute upper res- 
piratory tract infection. Systolic blood 
pressure was 40 mm. Hg; pulse 140; res- 
pirations 36; rectal temperature 97 F; 
red blood count 2,000,000 ; hemoglobin 30 
per cent. The urine contained aibumin. 

Treatment for shock was instituted im- 
mediately. Oxygen was given by nasal 
catheter at the rate of 6 L. per minute. 
She was placed in shock position, and 
1,000 cc. of whole blood was given rapid- 
ly. After an hour, the blood pressure had 
increased to 90/60 mm. Hg, and her pulse 
had slowed to 124. Respirations remained 


at 36. 


_ It was necessary to avoid any respira- 
tory depression, since the hemoglobin 
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was so low. Atropine, gr. 1/150, was given 
for premedication. Induction was with 
cyclopropane, with a high percentage of 
oxygen, and with use of the circle filter. 
After lower plane I of anesthesia was es- 


tablished, she was given 5 cc. of Metubine . 


Iodide, just as the skin incision was made. 
By the time the surgeon was ready to 
enter the peritoneal cavity, there was sat- 
isfactory relaxation. There was no no- 
ticeable change in rate or depth of respira- 
tion, and a blood pressure of 90/60 mm. 
Hg was maintained. Another 500 cc. of 
blood was administered during the pro- 
cedure. The operation lasted eighty min- 
utes, and it was not necessary to repeat 
the injection. The patient was respond- 
ing at the close of the procedure and was 
awake by the time she reached her room. 
The postoperative course was unevent- 
ful, and seven days later she was dis- 
charged. 


SUMMARY 


Metubine Iodide produces skele- 
tal muscle relaxation comparable to 
that produced by d-tubocurarine 
chloride, but has little effect on the 
muscles of respiration. A smaller 
amount of the active curare agent 
is actually given when therapeutic 
doses of Metubine Iodide are used, 
than when d-tubocurarine chloride 
is used.—DorotHy FINLEY, 
R.N., Chief Anesthetist, Holzer 
Hospital, Gallipolis, Ohio. 


REDUCTION OF OPERATING ROOM 


ExpLosion Hazarps.—Nylon has 
been found to have certain advan- 
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tages over other materials for valve 
seats for regulators used for oxygen 
therapy and anesthesia apparatus. 
Nylon has good elasticity, is not 
brittle, and has good resistance to 
abrasion. In the presence of pure 
oxygen it is much safer than other 
known and tested materials. 


A lubricant compounded from 
flurine is being used on anesthesia 
and oxygen therapy equipment. The 
new compound is claimed to be ab- 
solutely nonexplosive. 


On May 16 at a meeting of the 
National Fire Protection Associa- 
tion, the Hospital Operating Room 
Committee recommendations for 
revising minimum standards will be 
taken under consideration. These 
include: (1) elimination of require- 
ments for explosion-proof ceiling, 
(2) elimination of requirements for 
explosion-proof hanging surgical 
light, (3) elimination of ventilation 
requirements, and (4) reduction of 
zone of hazard for electrical in- 
stallations to a height of five feet. 
The new requirements will call for 
conduction flooring throughout the 
greater part of the surgical suite. 


Margaret Sullivan, chief nurse 
anesthetist at Roosevelt Hospital, 
New York City, will represent the 
A. Ac mm A. at the May meeting. 


SIXTEENTH ANNUAL MEETING 


A.A.N.A. 
September 26-29, 1949 


Cleveland 


HEADQUARTERS—HOTEL HOLLENDEN 


Assembly of Schools—Clinics—Outstanding 
Scientific Proogram—Membership Tea—Banquet 


MAKE YOUR HOTEL RESERVATIONS NOW 
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| LEGISLATION 


Emanuel Hayt, LL.B.* 


A. Int. No. 3030, Schuyler, in- 
cludes in definition of practice of 
medicine the administering of anes- 
thesia, and permits podiatrists, den- 
tists, veterinarians, optometrists and 
graduate nurses to administer it. 
(New York) 

This bill would amend the Educa- 
tion Law to include the administra- 
tion of anesthesia as the practice of 
medicine and defines anesthesiology 
as the study and practice of the art 
and science of anesthesia and all 
its forms and the administration 
thereof through inhalant, nerve 
block, fluid therapy or other method. 

No person will be permitted to 
practice anesthesiology unless he or 
she has been licensed by the State 
Department of Education. The 
Board of Medical Examiners will 
submit to the Department. a list of 
suitable questions for examination 
of an applicant. 

The law would not apply to reg- 
istered professional nurses who 
have administered anesthesia under 
the supervision of a duly licensed 
physician prior to the effective date 
of the act; nor to a graduate of a 
school of nursing which teaches the 
administering of anesthesia, reg- 
istered by the Department and who 
graduated prior to July 1, 1953 and 
was thereafter licensed to practice 
as a registered professional nurse. 

This bill was reported defeated 
in committee on March 15, 1949. 
In the interval, objections had been 
filed by the American Association 
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of Nurse Anesthetists, the New 
York State Association of Nurse 
Anesthetists, and the Greater New 
York Hospital Association. 


LecaL Optnion.—lf the surgeon 
in the operating room disagrees 
with the medical anesthetist as to 
the anesthetic to be used, whose 
judgment should prevail? 


Each medical practitioner is a 
specialist in his own field ; the medi- 
cal anesthetist should not tell the 
surgeon what operations to perform 
and the best way to do them, nor 
should the surgeon advise the medi- 
cal anesthetist what anesthetic is 
best suited for the patient. 


However, it may be that the 
medical anesthetist failed to make ° 
a preanesthetic examination of the 
patient and may, therefore, know 
less about the patient’s condition 
than the surgeon who has examined 
him. 

It should be a rule of the hospital 
that both the medical anesthetist and 
the surgeon should make a pre- 
anesthetic examination together and 
agree upon the anesthetit or anes- 
thetics before the patient goes into 
the operating room. In the case of 
the nurse anesthetist, the decision 
of the operating surgeon as to the 
anesthetic to be used should be con- 
clusive. 


Nurses Must Be CAREFULLY 
CHosEN?.—The patient while under 
the influence of an anesthetic in a 
Mississippi hospital was badly 
burned about the arm by hot water 
bottles placed by the nurses in 
charge. Suit was brought against 
the hospital. 

The hospital was a charitable or- 
ganization. In Mississippi the hos- 
pital would be liable only for 


1. International Order of Twelve Knights & 
Daughters of Tabor in Mississippi v. Barnes, 
etc., Mississippi Supreme Court, Nov. 22, 1948, 
17CCH Negligence Reports 406. 
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negligence in the selection of its 
nurses ; it cannot be held responsible 
merely on the ground that the em- 
ployer is liable for the acts of the 
employee. It is therefore a matter 
for the jury to decide whether the 
hospital exercised reasonable care 
in the selection of the particular 
nurses whose ministrations resulted 
in injury to the patient, together 
with the issue whether or not the 
injuries were due to the negligence 
of a nurse of whose incompetence 
the hospital knew or should reason- 
ably have known. 


Not LIABLE FOR BuRNS?*. — The © 


patient in a New York case had 
entered the hospital to undergo an 
abdominal operation. She had re- 
turned to her room after the opera- 
tion under spinal anesthesia and was 
being given an intravenous injection 
when she complained to the attend- 
ing doctor of feeling cold. At the 
doctor’s direction, a hospital nurse 
procured hot water bottles, and the 
doctor and nurse placed the bottles 
in the patient’s bed adjacent to her 
feet. The. patient suffered a num- 
ber of third degree burns from the 
hot water bottle. It was the pa- 
tient’s contention that the negli- 
gence of the hospital arose out of 
the failure of the attending nurse to 
heed complaints of the patient and 
that the failure on the part of the 
nurse was an administrative act for 
which the hospital, which was a 
charitable organization, was liable. 


The patient recovered a judgment 
in the Trial Court for $15,177.45. 
From that judgment, the hospital 
appealed. The Appellate Division, 
after stating that a charitable hos- 
pital is not liable for the negligence 
of a doctor or nurse acting in a 
medical capacity, though it is liable 


2. Sutherland v. New York Polyclinic Medi- 
cal School and Hospital, Court of Appeals of 
New York, Oct. 22, 1948, 298 N. Y. 682, 82 
N.E. 2d. 583. 
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for the administrative acts of its 
servants, concluded that the use of 
hot water bottles was a medical or 
professional service and that any 
failure of the nurse to remove the 
bottles was likewise medical or pro- 
fessional service for which the hos- 
pital was not liable. The Appellate 
Division reversed the judgment of 
the trial court and dismissed the 
complaint. The Court of Appeals 
affirmed the dismissal of the com- 
plaint. 


TECHNICAL LANGUAGE Not 
charges against 
two physicians in Tennessee who 
were sued for malpractice causing 
the death of a patient were that 
they were negligent in failing to 
take a case history before, the op- 
eration; to make a preoperative ex- 
amination; to examine the heart or 
to take the blood pressure; to take 
a blood count; to make a blood test 
for bleeding; to have a urinalysis 
made ; to make necessary and proper 
examination to determine the type 
of anesthetic that was suitable to 
be used; to properly observe the 
patient while under the influence of 
the anesthetic which they had ad- 
ministered; to take precautions to 
prevent loss of blood; to provide 
postoperative care. These acts, 
singly or jointly, were alleged to 
have caused the death while the 
patient was unconscious under the 
effects of the anesthetic and the 
operation. 


The doctors sought to have the 
complaint dismissed because there 
was no declaration in medical 
language as to the specific cause of 
death. Usually the person sued is 
entitled to know what is claimed to 
have been the cause of the injury. 


3. Moore, Admx. v. Bell etc., Tennessee Su- 
proms Court, Dec. 11, 1948, 16CCH Negligence 
eports 419. 
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Here, however, there was greater 
knowledge on the part of the doc- 
tors. It is not necessary that techni- 
cal language be used by the plaintiff 
to describe the cause of the death; 
it is sufficient that lay language is 
used. Proof of any one of the 
allegations as to the cause of death 
is sufficient. The court held the com- 
plaint entitled the party suing to 
have a trial to prove the alleged 
negligence of the doctors. 


EXEMPTION OF BOARD AND 
Meats. — For Federal income tax 
purposes, the value of meals and 
lodging furnished to an employee 
by his employer depends upon all 
of the facts in each particular case, 
and no general ruling can be made 
applicable in all cases. 


The gross income of an employee 
ordinarily include gains, profits, and 
income derived from salaries, wages, 
or compensation for personal serv- 
ices of whatever kind and in what- 
ever form paid (Sec. 22(a) of the 
Internal Revenue Code). 


Ordinarily, meals furnished to an 
employee will be considered com- 
pensatory, and the value thereof is 
includable in the gross income of 
the recipient. However, if it is 
shown that the meals furnished to 
an employee are for the convenience 
of the employer, and not compensa- 
tory, the value thereof need not be 
included in the gross income of the 
recipient. 


As a general rule, the test of “con- 
venience of employer” is satisfied 
if meals are furnished to an em- 
ployee who is required to accept 
such meals in order properly to 
perform his duties and if the value 
thereof does not constitute part of 
the compensation paid for his serv- 
ices. 
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To exempt the value of ‘meat 
provided by the employer, it must 
be shown: (1) that the employer 
requires the employee to accept the 
meals provided by him, (2) that 
because of the nature of the work 
it is necessary for the employee to 
accept the meals provided by the 
employer in order to perform his 
duties properly, (3) that the em- 
ployee does not accept the meals 
furnished by the employer merely 
because he finds it more convenient 
to do so by reason of transportation 
or similar difficulties, (4) that the 
employer does not furnish the meals 
merely because he finds it a con- 
venient way of making partial rec- 
ompense to an employee who could 
secure meals elsewhere and still give 
proper attention to his duties. 


The Research Institute’s Federal 
Tax Coordinator, published January 
28, 1949, adds that “board and 
lodging for employees is the target 
of a new Bureau crackdown. Until 
recently, many employees have been 
excluding from their taxable income 
the value of meals and quarters fur- 
nished by their employers. Reason 
for the exclusion has been the 
Bureau’s ‘convenience of employer’ 
rule: if the employee is required to 
accept the facilities to perform his 
duties properly, their value is not 
income. 


“The rule hasn’t changed, but the 
Bureau’s attitude in applying it 
definitely has. Chief test will now 
be whether the arrangement to fur- 
nish board and lodging is compensa- 
tory in nature. If so, the con- 
venience of employer rule won't 
apply. Since most of these arrange- 
ments have both a compensatory and 
convenience of employer element, 
the Bureau’s new approach will be 
a blow to the vast majority of em- 
ployees who’ve been treating their 
board and lodging as nontaxable.” 
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THE NEWS 


PROMINENT CONGRESSWOMAN TO BE BANQUET 
SPEAKER 
Clinics Planned in Cleveland Hospitals 


Frances Payne Bolton, Congresswoman from Cleveland, has accepted 
an invitation to speak at the A. A. N. A.’s annual banquet. Mrs. Bolton 
has been the sponsor of numerous bills to aid nursing. She was the author 
of the Bolton Nurse Training Act that subsidized basic and advanced 
nurse education during World War II. 


ane A. A. N. A.’s of 
Appreciation will also be presented 
on this occasion. The award is 
given annually to a person or insti- 
tution that has made an outstand- 
ing contribution to the advance- 
ment of nurse anesthetists. 


The sixteenth annual meeting of 
the A. A. N. A. will open officially 
with the opening of the fifty-first 
convention of the American Hos- 
pital Association on Monday, Sep- 
tember 26. General sessions will be 
held at the Public Auditorium, 
Cleveland’s convention hall. The 
Public Auditorium is within walk- 
ing distance of the Association’s 
headquarters at the Hollenden Ho- 
tel. 


A one and a half day meeting of 
the Assembly of the Directors of 
Schools of Anesthesia is scheduled 
to begin on Sunday, September 25, 
at the Hollenden. Although the 
program of the assembly is pri- 
marily of interest to school direc- 
tors, all Association members are 
invited to attend. 


The annual business session is 
scheduled for Tuesday, September 
27. At .this session, revisions of 
the Association’s bylaws will be pre- 


sented for discussion and _ vote. 


Reports of the work of the Associ- 


ation during the year will be pre- 
sented by officers and committee 
chairmen, and trustees and of- 
ficers for 1949-50 will be elected. 


Membership Tea 


A tea for all Association mem- 
bers is being planned for Tuesday 
afternoon to give the members an 
opportunity to meet the new of- 
ficers and trustees. The Ohio As- 
sociation of Nurse Anesthetists is 
making arrangements for the tea, 
and Ohio: members will serve as 
hostesses. 

General Sessions 


Four general sessions are sched- 
uled to be held during the conven- 
tion, one each Monday and 
Wednesday and two on Thursday. 
Clinics have been arranged for 
Wednesday morning at the Uni- 
versity Hospitals, Cleveland Clinic 
Hospital, and Cleveland City Hos- 
pital. An outstanding feature of the 
program will be a forum on anes- 
thesia for patients with complex 
medical problems. Donald Hale, 
M. D., anesthesiologist at the 
Cleveland Clinic, will be the mod- 
erator, and members of the clinic 
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staff will participate. The com- 
plete program will be published in 
the August JOURNAL. 


The committee in charge of local 
arrangements is composed of Ger- 
trude Fife, chairman, Ann Dick- 
erson, Helen M. Heckathorn, and 
Marjorie Pearce. 

A large attendance is expected 
for this sixteenth annual meeting, 
and members are urged to make 
reservations promptly. On page 186 
of this JoURNAL is a form to be 
used in applying for reservations. 


The Convention City 


As a convention city, Cleveland 
offers many attractions and points 
of interest. All major hotels, the 
shopping district, transportation 
points, amusements, Lake Erie, and 
the Public Auditorium are within 
a few minutes’ walking distance. 
Any point in the city is easily ac- 
cessible from the downtown area. 

At the hub of the city’s business 
activities is the Public Square, a 
small clearing of land which was 
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purchased by the Connecticut Land 
Company in 1795 for $1.76 and 
which is now a modern business and 
transportation center valued at more 
than $20,000,000.00. Towering over 
the square is Cleveland’s familiar 
landmark, the 52-story Terminal 
Tower, with an observation room 
on the forty-second floor that af- 
fords a splendid view of the city. 
It is the seventh tallest building in 
the world, the other six being in 
New York. Other parts of the 


_ Terminal unit are a railroad station, 


a large department store, a modern 
hotel, and several shops. 


The Mall, which overlooks Lake 
Erie and extends into the heart of 
the business district, is made up of 
seven great buildings. The $10,- 
000,000 Public Auditorium, the 
Federal Building, the Public Li- 
brary, the Board of Education 
Building, City Hall, Cuyahoga 
County Court House, and the lake- 
front Municipal Stadium seating 
83,000 are included in the Mall De- 
velopment. 
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The Public Auditorium has three 
theaters, ten halls seating 75 to 500 
each, and many committee rooms 
and offices. The main auditorium 
seats 12,500; the Music Hall seats 
3,000 and can be thrown together 
with the main hall so that 16,000 
can watch the action on the 5,000 
square foot stage. 

Cleveland ranks among the na- 
tion’s outstanding cultural and edu- 
cational centers. Western Reserve 
University, comprising various col- 
leges, is one of Ohio’s oldest col- 
legiate institutions. Case Institute 
of Technology, adjoining the cam- 
pus of Western Reserve, is among 


the country’s engineering 
schools. The two institutions oc- 
cupy high ground overlooking 


Wade Park. Other Cleveland col- 
legiate institutions are John Car- 
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roll University and Fenn, Ursuline 
and Notre Dame colleges. 


Among the city’s cultural institu- 
tions are the Cleveland Museum of 
Art and Severance Hall, both lo- 
cated in University Circle overlook- 
ing Wade Park. Other famous in- 
stitutions in Cleveland include the 
Museum of Natural History, the 
Western Reserve Historical So- 
ciety Museum, Dunham Tavern, the 
Public Library, the Health Museum, 
Brookside Zoo, and Nela Park Uni- 
versity of Light. 


OHIO OFFICERS 


Elizabeth Boyer, Crile General 
Hospital, Cleveland, was re-elected 
president of the Ohio Association 
of Nurse Anesthetists at the asso- 
ciation’s annual meeting in Colum- 
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bus, March 23-24. Also re-elected 
were Sr. John Edward, Ist vice 
president, and Rosemary Curran, 
2nd vice president. Lucy E. Rich- 
ards is the new secretary-treasurer. 
Lucille M. Platt was elected trus- 
tee. 


A revision of the state associa- 
tion’s bylaws provides for a com- 
mittee on publications and publicity. 
This committee will undertake the 
publication of a state news bulletin. 

A gift of $300 was voted by the 
members to the Agatha Hodgins 
Educational Fund, in addition to 
the state’s share of the former Trust 
Fund. 


WESTERN STATES SECTION 
MEETING IN SAN 
FRANCISCO 


A ‘feature of the nurse anesthe- 
tists’ section of the Western Hos- 
pitals Association convention in 
San Francisco, May 9-12, will be 
a forum on “Harmony in Anesthe- 
sia.” Moderator of the discussion 
is to be Jane Osborne, Peralta Hos- 
pital, Oakland. To be represented 
on the panel are the American Col- 
lege of Surgeons by Dr. W. W. 
Washburn; hospital superintend- 
ents by Mr. Orval Booth; medical 
anesthetists by Dr. Fenimore Davis ; 
nurse anesthetists by Josephine 
Bunch. At a luncheon meeting on 
Monday, Grace Gurnea, chairman 
of the public relations committee 
of the California State Nurses 
Association, will speak on “The 
Anesthetist and Human Relations.” 
Edna Peterson is chairman of the 
nurse anesthetists’ section. 


CALIFORNIA ELECTS 
OFFICERS 


The annual business meeting of 
the California State Association of 
N urs¢ Anesthetists was held at St. 
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Mary’s Hospital, San Francisco, on 


- March 25. Officers elected were: 


Jane Osborne, president; Marie 
Callori, lst vice-president; Mary 
Thornton, 2nd vice-president; Ur- 
sula Heitmeyer, secretary; Flor- 
ence Lueck, treasurer; Edna Peter- 
son and Cleo D. Bopp, trustees. 


MIDDLE ATLANTIC 
ASSEMBLY HOLDS 
FIRST MEETING - 


The newly formed Middle Atlan- 
tic Assembly of Nurse Anesthetists 
will convene for its first annual 
meeting on May 18, 1949, in At- 
lantic City, with headquarters at 
the Ritz-Carlton Hotel. The three 
day session of the New York, New 
Jersey, and Pennsylvania associa- 
tions is to be held in conjunction 
with the convention of the Middle 
Atlantic Hospital Association. Alice 
Lamberson is president pro tem. 
of the assembly, and Emma A. 
Miller the program chairman. 


Preconvention meetings of the 
board of directors of the participat- 
ing associations are scheduled for 
Wednesday morning, the conven- 
tion to be formally opened Wednes- 
day afternoon. At the opening ses- 
sion, Miss Lamberson and Myra 
Van Arsdale, president of the A. A. 
N. A., will give greetings. Ellis K. 
Hultzman, M. D., director of anes- 
thesiology, Jewish Hospital, Phila- 
delphia, will discuss “Newer As- 
pects of Anesthesia in Geriatrics,” 
and Anthony. F. Gorman, D.D.S., 
chief of oral surgery, Cooper Hos- 
pital, Camden, N. J., will speak on 
“Anesthesia in Oral Surgery.” 


Business meetings of the par- 
ticipating state associations are 
planned for Thursday morning. On 
Thursday afternoon, the delegates 
will reassemble for a business meet- 
ing of the assembly. 
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Western States Assembly of Nurse Anesthetists, San 
Mid-Atlantic Assembly of Nurse Anesthetists, Atlantic 
Annual Meeting, Pennsylvania State Association of Nurse 
Annual Meeting, New Jersey State Association of Nurse 
Annual Meeting, New York Association of Nurse Anes- 
Annual Meeting, Georgia Association of Nurse Anes- 


Upper Midwest Assembly of Nurse Anesthetists, Minne- 
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CALENDAR OF COMING EVENTS 

May 9-12 

Francisco 
May 18-20 

City 
May 19 

Anesthetists, Atlantic City 
May 19 

Anesthetists, Atlantic City 
May 19 

thetists, Atlantic City 
May 21 

thetists, Atlanta 

May 26-27 


September 26-29 


apolis 
SIXTEENTH ANNUAL MEETING, AMERICAN 
ASSOCIATION OF NURSE ANESTHETISTS, Cleve- 


land 


On Friday, the subjects to be dis- 
cussed include: “Pentothal Sodium 
for Head and Neck Surgery,” Olga 
Schweizer, M.D., director of anes- 
thesiology, Memorial Hospital, New 
York City; “The Use of Pentothal 
Sodium with Curare in Plastic and 
Ophthalmic Surgery,” Louise Ty- 
ler, R.N., chief anesthetist, St. 
Michael’s Hospital, Newark; “An- 
esthesia in Intestinal Obstruction,” 
Mario Troncelitte, Jr., M.D., chief 
of anesthesiology, Pennsylvania 
Hospital, Philadelphia; ‘Basal 
Narcosis in Children,” Joseph F. 
Artusio, Jr., M.D., associate pro- 
fessor of surgery (anesthesiology), 
Cornell University Medical Col- 
lege. 


DEATHS 


Mary K. Dimig of Portland, 
Oregon, a member of the Oregon 
Association of Nurse Anesthetists, 
died on February 12, 1949, after a 
long illness. Miss Dimig received 
her training as a nurse at Atlanta 
Hospital, Atlanta, Iowa, and post- 
graduate training at Grace Hos- 
pital School of Anesthesia in De- 
troit. Miss Dimig was head of the 
anesthesia department at the Em- 
manuel Hospital of Portland tor 


twenty years, until her illness two 
years ago. 

Jean E. Dow of Portland, 
Oregon, died on February 24, 1949. 
Miss Dow had been a member of 
the Oregon Association of Nurse 
Anesthetists since 1936, having tak- 
en her postgraduate training in 
anesthesia at St. Vincent’s Hospital 
in Portland. 

Alice Madge Riley, a member 
of the Florida Association of Nurse 
Anesthetists, died on February 21, 
1949, in Philadelphia after an ill- 
ness of several months. She was 
graduated from the Northeastern 
Hospital School of Nursing in 
Philadelphia and took training in 
anesthesia at the Broad Street Hos- 
pital in Philadelphia in 1924. For 
the past six years she was chief 
anesthetist at St. Luke’s Hospital, 
Jacksonville, Fla. 

Sister Ella H. Risser, a past 
president of the Kansas State ‘As- 
sociation of Nurse Anesthetists, 
died on March 27, 1949. At an 
early age she joined the order of 
the Mennonite Sisters. After her 
graduation from the St. Joseph’s 
Hospital School of Anesthesia in 
Chicago in 1938, she was anesthetist - 
at the Bethel Deaconess Hospital in 
Newton, Kansas. 
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ABSTRACTS 


? 


HERSHENSON, B. B.: Premedication and 
anesthesia in obstetrics. Current prac- 
tices at the Boston Lying-in Hospital. 
New England J. Med. 239:429-433, 
Sept. 16, 1948. 

“At the Boston Lying-in Hospital, 
there has been an evolution through 
various developmental phases of the 
subject. The keynote has always 
been the practice of safe relief of 
pain, permitting the obstetrician to 
carry on a conservative policy in 
the conduct of labor. All the known 
regional and inhalational anesthetic 
agents and technics have been em- 
ployed, and all routes of the body 
have been utilized for the introduc- 
tion of amnesic and analgesic drugs. 


... Lhe greatest emphasis should be 
placed on the knowledge, experi- 
ence, skill, judgment, attention and 
mutual professional confidence of 
the members of the obstetric team 
rather than on the agent or technic 
employed. Secondly, the complete 
individualization of selection of 
agents, dosage and routes of ad- 
ministration in the able hands of a 
well trained team of obstetrician 
and anesthesiologist is the only true 
path to safefy. Thirdly, the ideal 
agent or combination of agents is 
not available to meet all the re- 
quirements necessary for safe, con- 
trollable and effective obstetric 
amnesia, and anesthesia. 
Finally, we e been impressed 
with the fact that our most success- 
ful methods have included the use 
of scopolamine. . . . Over 80 per 
cent of our deliveries are completed 


under inhalation anesthesia.” 

BEATON, DoNnatp: Pethidine in labour. 

Edinburgh M.J. 55:354-361, June 1948. 
“In assessing the value of a new 


drug, whether clinically or experi- 
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mentally, it would seem preferable 
to use that drug alone and not to 
obscure its effect by the concurrent 
use of another. This is particularly 
so in the use of pethidine, the effect 
of which on the duration of labour 
is still under review and its pharma- 
cological action in labour still un- 
decided. . . . Ninety pethidine cases 
and 90 controls are now available 
for study, having been delivered at 
the Cressweil Counties Maternity 
Hospital within the past six months. 


“T set out in this survey to see 
if there would be value in extending 
this series and if the methods could 
be improved. I propose to continue 
because certain features have been 
found which are contrary to the 
findings of other observers. The 
method will be altered the better to 
assess the duration of labour, neces- 
sitating vaginal estimation of the 
degree of dilatation of the cervix in 
both groups, pethidine and control. 
Since there was no puerperal mor- 
bidity in either group in the pilot 
survey, it is suggested that routine 
vaginal examination is not detri- 
mental to the patient, although con- 
trary to the practice of this hospital. 
Hereafter the administration of 
pethidine will be postponed till the 
patient is beginning to complain of 
pain and not before the cervix is 
2-3 fingers dilated, otherwise the 
plan remains unchanged. Most of 
the impressions gained, some of 
which have been tentatively con- 
firmed by critical analysis, have 
been in accord with the findings of 
previous writers except that pethi- 
dine does not appear to shorten 
labour. It has no serious ill-effects 
on mother or child except that the 
incidence of post-partum hemor- 
rhage appears to be increased. In 
this series the drug has been used 
with great advantage to the mothers, 
particularly those who were nervous 
and excited. There appears to be 
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safety in large dosage no matter at 
what time in the first stage of 
labour the drug is given.” 


GreGorRY, RAYMOND, AND Levin, W. C.: 
Studies on hypertension. VII. Me- 
chanism of the fall in arterial pressure 
produced by high spinal anesthésia in 
patients with essential hypertension. 
Arch. Int. Med. 81:352-363, Mar. 1948. 


“Simultaneous arterial and ve- 
‘nous pressures were determined in 5 
normotensive subjects. Twelve sepa- 
rate studies were made in 10 
patients with a clinical diagnosis of 
essential hypertension. Control ‘ob- 
servations were made, and similar 
determinations were then: made 
with high spinal anesthesia induced 
by 150 mg. of procaine hydrochlor- 
ide. Observations were continued 
during recovery stages. . . . In the 
majority of patients with essential 
hypertension, the arterial pressure 
fell before the venous pressure fell. 
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In 1 case, the venous pressure 
fell without fany significant decrease 
in arterial pressure. In only 2 cases, 
the venous pressure dropped first, 
and in these 2 cases the arterial 
pressures fell to their lowest levels 
before the venous pressures fell to 
their lowest levels. In these 2 cases, 
the arterial pressures were rising 
while the venous pressures con- 
tinued to fall. There is no constant 
time correlation between the falls 
of arterial and venous pressures 
during high spinal anesthesia in 
patients with hypertensive disease. 
The changes in arterial and venous 
pressures described are probably not 
causally related. It is extremely 
unlikely that decreased venous re- 
turn and diminished cardiac output 
are the causes of the fall in arterial 
pressure caused by high spinal 
anesthesia in either normotensive 
or hypertensive subjects.” 


MAKE YOUR HOTEL RESERVATIONS NOW! 
for the 
SIXTEENTH ANNUAL CONVENTION 
September 26-29, 1949 
Cleveland 
Applications ne hotel reservations may be obtained <A filling out this 


form and returning it to: 
The Executive Office 


American Association of Nurse Anesthetists 


22 East Division St. 
Chicago 10, IIl. 


(street ) 


(city ) ; (state) 


If you wish to be assigned a room with another person, please give her 


name below: 


, 18 , a member of the Association. 

has , expressed her willingness to share the 
room. 


EACH PERSON MUST FILE A SEPARATE APPLICATION. 
APPLICATIONS SHOULD BE MADE BEFORE JULY 1. 
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Anhydrous 
Nitrous Oxide 


Carbon 


Liquid’s introduction of the Liqua- 
Seal, /eak-proof valve, puts Red 
Diamond Medical Gas cylinders far 


out in front for satisfaction and serv- iceman Meares 

ice. Important design features — plus : 

the use of Teflon, the “miracle plastic’, Medical 

Ethylene Gas 

as a washer-seal — assure smooth, fe 

effortless valve operation. Re-designed Medical Oxygen 

two-piece stem seat avoids annoying ° 
Medical 


Carbon Dioxide 


Medical 
Helium Gas 


friction. Heavier compression ne 
maintains constant pressure on Teflon 
packing. Ball-bearing movement con- 
tributes to easier valve opening and 
closing... A Valve as high in conven- 

ience as Red Diamond Gases are in 


pur ity. Cyclopropane 


MEDICAL GAS DIVISION 


THE LIQUID CARBONIC CORPORATION 


3110 South Kedzie Avenue Chicago 23, Illinois 
Branches in Principal Cities 


In Canada: WALL CHEMICALS CANADIAN CORPORATION ¢ Montreal « Toronto * Windsor 


| F > new | 3 
packi™ 
N 
. 
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j 


188 


BOOK 
REVIEWS 


NURSING FOR THE Future. By Esther 
Lucile Brown, Ph.D., Director, Depart- 
ment of Studies in the Professions, Rus- 
sell Sage Foundation. Cloth. 198 pages. 
New York: Russell Sage Foundation, 
1948. $2.00. 

For a half century, there has 
been a periodic resurgence of in- 
terest in the grading of nurses and 
the accrediting of schools of nurs- 
ing as a cure-all for the problem of 
fitting into modern society a service 
with tradition rooted in the Middle 
Ages. The most recent panaceas are 
contained in the Rich Report on 
the Structure of Organized Nurs- 
ing and Esther Lucile Brown’s 
Nursing for the Future. The latter 
report was prepared for the Na- 
tional Nursing Council and pub- 
lished by the Russell Sage Founda- 
tion. The effect of each on nurses, 
hospital administrators, and physi- 
cians has, to say the least, been 
explosive. This despite the fact that 
six nursing organizations sponsored 
the Rich Report, and that eleven 
nursing organizations plus the 
A.H.A. and A.M.A. comprise the 
constituent bodies of the National 
Nursing Council. There is also evi- 
dence that Hospital Care in the 
United States, a survey financed by 
the Commonwealth Fund and pre- 
pared with the cooperation of the 
A.H.A., and the Rich Report had a 
decided influence on the survey 
made by Dr. Brown. 

The stated purpose of Nursing 
for the Future, first, recognizes that 
“there was something not only 
drastically but chronically wrong 
with a system of education which 
could not meet the demand either 
for qualitative or quantitative serv- 
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ice,” and, second, proposes that: there 
should be “an examination of the 
question of who should organize, 
administer and finance professional 
schools of nursing.” The decision 
was “to view nursing service and 
nursing education in terms of what 
is best for society—not what is best 
for the profession of nursing as a 
possibly ‘vested interest.’” As 
“clear a picture as possible would 
have to be drawn of the probable 
nature of health services in the 
second half of the twentieth cen- 
tury, and of the nursing services 
likely to be demanded by those 
evolving health services. Next, in- 
quiry into the kinds of training and 
of academic and professional edu- 
cation requisite to prepare nurses to 
render those various kinds of nurs- 
ing services would be essential.” 
“In general, effort was made to visit 
‘better’ schools in every region. 
Miserable schools of nursing had 
been seen at sundry times in various 
places. No virtue was inherent in 
further examination of what should 
not be done.” 


The only fair way to evaluate 
such a reported survey is to com- 
pare the aim with the results. Dr. 
Brown frankly states that she was 
handicapped in observing by not 
being a nurse. A certain amount of 
leniency is in order when she draws 
freely from Hospital Care in the 
Umited States for her picture of the 
hospital of the future as a public 
health center for the prevention as 
well as the treatment of disease. It 
is regrettable, however, that she 
chooses fields of exaggerated cur- 
rent popularity as examples of ex- 
panding services: psychosomatic 


medicine, the Grantly Dick Read 
school of obstetrics, and the prob- 
lems of emotional development in 
children. She makes brief shrift of 
the battle of medical science against 
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W, hat does 


Acceptance 


mean to you 2 


Common usace defines the term as “the act of taking or receiving 
something offered.” But acceptance by the medical profession implies 
a far more serious use of the word. For after a product is accepted, 
it is re/ted on, and the consequences are great should the product 
later be found lacking. Before acceptance can be won, the product 
must have demonstrated its unfailing performance. Its dependability 
must have been proven. Then, and then only, will it merit medical 
acceptance, 

Wilson Soda Lime has been accepted by the medical profession 


for over twenty-five years. 


Insist on genuine 


WILSON SODA LIME 


for Medical Carbon Dioxide Absorption 


Conveniently packaged in 5 gallon pails, 1 gallon # 
cans and I pound jars... available in different 

' mesh sizes. Wilson Soda Lime is carried in 
stock by most hospital supply houses. 


A product of 
DEWEY AND ALMY CHEMICAL COMPANY 
CAMBRIDGE 40, MASSACHUSETTS 


{ 
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communicable disease, the diseases 
of middle age—‘such as cardiac 
diseases and cancer’—, and the 
degenerative processes of old age. 


To provide nursing service for 
the projected future expansion of 
health facilities, the author first ad- 
vocates a category of licensed prac- 
tical nurses. These nurse attendants 
are “‘to care for subacute, conva- 
lescent and chronic patients and to 
assist the registered professional 
nurse in the care of others .. . 
under the direction of a licensed 
physician and the supervision of the 
registered professional nurse. . . 
in homes, hospitals, institutions, 
public health agencies, doctors’ 
offices and in commercial and in- 
dustrial firms.’” It is also advo- 
cated that the training of the prac- 
tical nurse “should reposed 
within the public education system, 
and more specifically within voca- 
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tional or adult education. 


The term professional nurse 
would “be restricted to those who 
have been graduated from schools 
designated as professional [degree- 
conferring institutions] or whose 
right to be thus considered has been 
demonstrated through some system 
of examination; achievement that 
has been objectively evaluated, such 
as marked excellence in clinical 
practice, supervision, admunistra- 
tion, teaching, or scientific research 
and writing; admission to fellow- 
ship in an academy of nurses; or by 
means of other plans devised to 
raise the status of nursing.” 


The fate of the graduate bedside 
nurse becomes a matter for future 
decision. Until such time as she is 
eliminated or fits into “nursing for 
the future,” Dr. Brown recom- 
mends the inspection for purposes 
of accreditation of all schools of 
nursing, the public to assume a sub- 
stantial part of the financial burden. 
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In addition, an effort should be 
made for the creation of central 
schools of nursing and for the utili- 
zation of teaching facilities of 
junior colleges. 


There is no bibliography in the 
published report, footnote refer- 
ences being limited to the more re- 
cent publications. We _ therefore 
have no way of knowing whether 
the author was aware that in 1912- 
13, for example, the American Hos- 
pital Association took under con- 
sideration both a licensing of prac- 
tical and graduate nurses, and a 
grading of nurses that made room 
for the college. graduate at the 
top and the household (practical) 
nurse at the bottom. What hap- 
pened then would seem to be im- 
portant information for one who 
would predict a future situation. 


- What is to characterize the pro- 
fessional nurse of the future and 
what will be her job? 


“These are nurses who will be 
expected to be fully contributing 
team members in complex clinical 
situations, where both technical 
skill of a high order and psycho- 
logical and sociological orientation 
are requisite; in the wide field of 
community nursing and community 
health services where prevention of 
disease and therapy, but more par- 
ticularly the maintenance of health, 
are ever-widening goals; in the 
supervision of the activities of many 
kinds of assistant and graduate per- 
sonnel; in planning and administer- 
ing nursing programs, often within 
agencies and institutions of great 
size and complicated organizational 
structure. Included also are those 


nurses who must assume responsi- 
bility for formulating educational 
programs; instructing students of 
nursing, graduate nurses, practical 
nurses, and other assistant person- 
nel in the content and methodology 
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“FOR THOSE WHO HAVE NEVER LEARNED TO GIVE ETHER 
; OR WHO HAVE FORGOTTEN HOW— 
INTUBATION IS FREQUENTLY A HAZARDOUS ADVENTURE. .” 


In the fenestration Operation massive sedation os o substitute for genero! 
anesthesia has been held to endanger lives of patients and prolong 
operative procedures * Analgesia and anesthesia by massive 

sedation is irreversible Response to pain is the indication for further 
dosage Trouble develops before it can be relieved Straining, move- 
ment, and holding the breoth result in venous congestion and ooze In 
controlling the ooze operating time increased Postoperative respiratory 
depression may continue for 8 to 24 hours or longer ond is often 

o couse of deep anxiety for the nursing personnel 

Complete control is secured by endotracheo! anesthesia with gas-oxygen. 
ether, preceded by 0.1 Gm. (1! gr.) of pentobarbital sodium After the 
patient is intubated anesthesia is easily maintained at any desired level with 
o low percentage of ether. Venous stasis is eliminated Arteriol hemostasis 
may be aided by lowering the feet and body. ond by applying epinephrine 
packs in the field 

Uniform efficiency, unquestioned stability and unsurpassed purity ore found 
in Ether for Anesthesio bearing the Mallinckrodt lobel. 


*Flagg, P. J: The fenestrotion operation : Mallinckrodt? s sound motion pictures “ADVENT OF ANESTHESIA” 
mojor hozord — the onesthetic, leditorioll, and “ETHER FOR ANESTHESIA” are available to medical societies 
Am. J. Surg., 72: 497-499 (Oct) 1946. ond other professional groups. Write to our St. Lovis or New York 

office for details 


oF 


MALLINCKRODT CHEMICAL WORKS 


82 VEARS OF SERVICE TO CHEMICAL USERS ws UNIFORM DEPENDABLE PURITY 


MALLINCKRODT STREET, ST. LOUIS 7, MO + 72 GOLD STREET, NEW YORK 8, N.Y 
CHICAGO + CINCINNATI + CLEVELAND + LOSANGELES + MONTREAL + PHILADELPHIA + SAN FRANCISCO 


Le 
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of nursing, and in what the student 
and graduate nurse should teach pa- 
tients individually and in groups and 
how this can best be done; carrying 
on desperately needed research, 
writing, publication, and. consulta- 
tion related to the improvement and 
extension of nursing care; planning 
for the continued growth and de- 
velopment: of the nursing profes- 
sion; and administering those plans 
in close cooperation with other 
health services and with the needs 
of society always in mind.” 

With regard to the need for 
technical skill of high order, another 
statement of Dr. Brown’s is per- 
tinent: ““A few nurse administrators 
and educators have become so 
alarmed at the present and probable 
futute proportions assumed by 
technical procedures that they assert 
that immediate relief must be found 
through making internes or espe- 
cially trained technicians responsi- 
ble for a major part of this burden. 
Unless this be done, they see sub- 
sequent deterioration rather than 
improvement in those aspects of 
nursing care that depend upon the 
use of words and of psychological 
skills.” 

Dr. Brown outlines the educa- 
tional needs of this new professional 
nurse thus: “Two distinct but close- 
ly interrelated kinds of preparation 
that only higher education is broad- 
ly equipped to provide are essential 
for the making of such a nurse. The 
first is the laying of a foundation 
that permits continuing growth of 
many kinds, such as in: positive 
health and integration of the per- 
sonality; insight into one’s own 
motivation, the behavior of others, 
and cultural patterns that condition 
human behavior; ability to use 
spoken and written language effec- 
tively as a method of communica- 
tion; skill in analysis of problems, 
methods of obtaining needed data, 
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and formulation of logical conclu- 
sions, principles, or theories; per- 
spective, gained from the historical 
and anthropological record of hu- 
man development, of contemporary 
social institutions and their func- 
tions ; understanding of and convic- 
tion about the rights and responsi- 
bilities of intelligent citizenship and 
membership in a profession. 

“The second kind of preparation 
is the more specifically technical 
training for professional practice. 
But this training must transcend 
that for the care of the hospitalized 
sick. It must be preparation for 
the broad field of community nurs- 
ing service. Besides the other rela- 
tively well-defined components of 
the course of study, should be in- 
cluded understanding of the effect 
of nutrition, housing, employment, 
economic income, class and caste 
structure, recreational activities, 
and so forth, upon individual and 
national health ; some knowledge of 
the principles and functions of 
social work ‘and of how nurses and 
social workers can most effectively 
act as a team; experiments in 
analyzing the health needs of indi- 
viduals, families, and communities, 
and in initiating action to meet these 
needs; and preparation in the art of 
teaching health to persons, whether 
sick or well and whether individu- 
ally or in groups.” 

One wonders how in the name of 
common sense such a program could 
bear fruit—even though the aca- 
demi¢ and professional training 
were jintegrated in an institution of 
higher learning—in a four or five 
year course leading to a B.S. degree. 
Theoretically, the plan is a worthy 
one. |But in view of the parlous 
state jof education, as seen by top- 
ranking educators, such a compre- 
hensive curriculum could hardly be 
gelled, even at the graduate level, 
without revolutionary measures. 


= 


May, 1949 


The dean of the school of nurs- 
ing, Dr. Brown proposes, should 
hold a chair on the level of the dean 
of the medicine and law faculties, 
regardless of her academic prepara- 
tion. “The school must be prepared 
to meet competitive situations with- 
in the university generally, but more 
particularly in its relations with the 
medical school and the hospitals 
from which clinical facilities: are 
obtained.”’ 


No data of any kind are given as 
to the number of each kind of 
educational undertaking needed or 
the approximate number of students 
who should be trained in each. “The 
very existence of stated estimates 
for ultimate goals might serve to 
freeze a situation that is now dy- 
namic and should remain so, at 
least until more experimentation 
and experience are available re- 
garding allocation of functions to 
persons with different kinds of 
preparation.” 


What are Dr. Brown’s concrete 
recommendations? “‘Schools for 
practical nurses should be devel- 
oped during the next few years as 
rapidly as planning for sound estab- 
lishment and wise distribution will 
permit; that several hundred social- 
ly undesirable hospital schools 
should be closed; that advanced 
curricula within universities and 
colleges should be restudied and 
greatly strengthened. The desirabil- 
ity of these changes is unmistakable. 
Equally unmistakable is the need 
for development and cultivation of 
basic schools of nursing in institu- 
tions of higher learning to go on 
apace.” 


There is no question that Dr. 
Brown’s report maps out a kind of 
nursing for the future and that she 
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examines the question, “who should 
organize, administer, and finance 
professional schools of nursing.” 
She fulfills her assignment even 
though, in so doing, she has to dis- 
tort the true meaning of profes- 
sional education and impoverishes 
the time-honored position of the 
nurse as one who cares for the sick. 
It would be well for nursing leaders 
to examine what right the social 
worker-administrator-research-edu- 
cator-writer nurse, that Dr. 
Brown’s system purports to pro- 
duce, would have to call herself a 
nurse. The crying need — albeit 
there is a need for university-edu- 
cated teachers in nursing education 
—is for intelligent bedside care. 
Perhaps the common concept of 
“caring for the sick” is narrow and 
could legitimately be broadened to 
include the: contribution of the 
nurse attendant and the professional 
nurse. But it is going to be extreme- 
ly difficult to shake the belief that 
any nurse worthy of the name is 
concerned first with high-grade in- 
dividual patient care and only sec- 
ondarily with administrative and 
educational controls and the super- 
vision of second class helpers. 


Nurses should ask themselves 
whether, in the light of current de- 
velopments, their leaders are di- 
recting them down the road of self 
destruction. In abandoning the field 
of routine bedside nursing to the 
practical nurse, organized nursing 
should think twice about the poten- 
tion of organized practical nurses 
in nursing affairs. If future health 
programs call for the type of work- 
er Dr. Brown describes as a pro- 
fessional nurse, perhaps a whole 
new category of medical assistants 
should be created—leaving nursing 
and the control of nursing to those 
who want to nurse. 


| 


194 


T 


J. Am. Assn. NurRsE ANESTHETISTS 


CLASSIFIED ADVERTISEMENTS 


$6 per minimum insertion of 40 words. Copy should be 
received by tenth of month preceding| date of publication. 


WANTED: Nurse anesthetist. Mod- 
ern hospital; 100 bed; 20 bassinett. 
Staff of two anesthetists; off alternate 
nights and weekends. Private apart- 
ment. Salary open. Milford Memorial 
Hospital, Inc., Milford, Del. 


TWO NURSE ANESTHETISTS: 
150 bed hospital. $300 per month and 
full maintenance. Department directed 
by medical anesthetist. State experi- 
ence. Apply to: Director of Anesthesia, 
St. Francis Sanitarium, Monroe, La. 


NURSE ANESTHETIST: For 119 
bed hospital. Salary $300.00 per month, 
plus full maintenance. Address inquir- 
ies‘ to: Administrator, St. Luke’s Hos- 
pital, St. Paul, Minn. 


NURSE ANESTHETISTS: Mid- 
west. $250-$275 to start and mainte- 
nance; 175 bed generai hospital; de- 
partment directed by medical anesthe- 
tists; state age and experience. Apply: 
Box D-10, Journal A.A.N.A., 22 E. 
Division St., Chicago 10, III. 


ANESTHETISTS — NURSE: Imme- 
diate vacancies for two qualified per- 
sons. Department supervised by full 
time M.D. Diplomate. Excellent condi- 
tions. For detailed information, please 
contact Mr. R. L. Outten, Assistant 
Director, Montefiore Hospital, Pitts- 
burgh, Pa. 


NURSE ANESTHETIST for a 102 
bed, general hospital, pleasant environ- 
ment, excellent opportunity, appropri- 
ate salary and maintenance. Apply to: 
Administrator, Northeastern Hospital, 
Philadelphia 34, Pa. 


ANESTHETIST: 600 bed hospital. 
Department directed by medical anes- 
thetist. Full complement 14 nurse anes- 
thetists. 40 hour week with paid over- 
time. Liberal vacation. Sick leave 
policy. Adequate salary. Quarters 
available if desired. Apply: Director 
Anesthesia, The Harper Hospital, De- 
troit 1, Mich. 


NURSE ANESTHETIST for 90 bed 

general hospital. Good working condi- 

tions. For full particulars, write: Di- 

— Post Office Box 5013, Richmond, 
a. 


WANTED: Nurse anesthetist for 75 
bed hospital; salary open; living facili- 
ties; fall time anesthetist employed. 
Apply:| Sister Maura, St. Dominic’s 
Hospital, Jackson, Miss. 


ANESTHETISTS: Nurse anesthetists 
—two urgently needed. Modern, well 


aa 100 bed hospital, employing 


nly graduate staff; attractive location 
within forty minutes of San Francisco; 
FIVE DAY WEEEK;; excellent salary; 
available. Administrator, 
Alameda Hospital, Alameda, Calif. 


WANTED: Nurse anesthetist, 250 bed 


general hospital. Liberal personnel 
policies. Good salary. Apply: Super- 
ms of Nurses, Deaconess Hos- 
pital, 


t. Louis, Missouri. Must be a 
member of A.A.N.A. 


NURSE ANESTHETIST for 600 bed 
hospital. Salary $343.68 monthly. No 
maintenance. Generous vacation and 
sick leave allowances. Desirable work- 
ing conditions. Apply to: Personnel 
Office, Medical College of Virginia, 
Richmond, Va. 


WANTED: Two anesthetists for 100 
bed hospital. Salary open; three weeks 
oe and 12 days sick leave. Rice 
Memorial Hospital, Willmar, Minn. 


NURSE ANESTHETIST: Must be 
registered with American Association 
of Nurse Anesthetists—modern hospital 
—pleasant working conditions—salary 
$225 per month plus full maintenance— 
position open April 15, 1949. Apply: 
Administrator, Princeton Hospital, 
Princeton, N. J 


WANTED: Nurse anesthetist for 102 
bed, 15 bassinett, private hospital; 
closed staff. Staff three anesthetists, 
alternate nights and every third week- 
end. Salary open. Apply: Box E-10, 
Journal A.A.N.A., 22 E. Division St., 
Chicago 10, II. 


ANESTHETIST: Increasing staff 
from three to four anesthetists. 200 
bed, modern, well equipped hospital. 
Good working conditions and hours; 
month vacation. Start $285 month with 
increases. Write: Director, Jameson 
Memorial Hospital, New Castle, Pa. 
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May, 1949 


MATTHEWS MEDICAL BOOKS— 
3551 Olive St., St. Louis 3, Mo. 


Good anesthesia positions open in 
all locations, especially in Califor- 
nia and Western States. Details ot 
positions carefully furnished. 


NATIONWIDE 
PROFESSIONAL AGENCY 
Taft Bldg. 

Hollywood & Vine 
Hollywood 28, Calif. 


NURSE ANESTHETIST: Salary 
open. 99 bed general hospital. Full 
maintenance provided. Pleasant sur- 
roundings. Hospital located about 50 
miles southwest of Pittsburgh, Pa. Ap- 
ply to: Superintendent, Brownsville 
General Hospital, Brownsville, Pa. 


WANTED: Nurse Anesthetist — 300 
beds—no obstetrics—very few emer- 
gencies—night calls shared among six 
anesthetists. Apply: Personnel Depart- 
ment, Cleveland Clinic Foundation, 
2020 E. 93rd Street, Cleveland 6, Ohio. 


OPENING for nurse anesthetist in 
200 bed general hospital, close to Chi- 
cago. Very desirable working condi- 
tions. Salary open. Write: Box B-10, 
Journal A.A.N.A., 22 E. Division St., 
Chicago 10, [il. 


NURSE ANESTHETIST wanted for 
156 bed hospital. Apply to: Sister M. 
Annunciata, Mercy Hospital, Portland 
3, Maine. 


WANTED: Nurse anesthetist. 80-bed 
approved hospital. Two anesthetists 
employed. Ideal climate. Salary open. 
Apply: Director of Nursing Service, 
Pulaski Hospital, Pulaski, Va. 


NURSE ANESTHETIST for 125-bed 
hospital, well equipped and fully ap- 
proved, predominately surgery. Apply: 
Administrator, Mid State Baptist Hos- 
pital, Nashville, Tenn. Good salary. 


NURSE ANESTHETISTS (2) for 
immediate positions at The Mount 
Sinai Hospital, New York City. Salary 
open. Apply: Director, Dr. Martin R. 
Steinberg. 
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NURSE ANESTHETIST: 82 bed 
hospital near Sun Valley. Complete 
new hospital to be built (161 beds) 
starting May. Salary $300.00 Must be 
fully qualified for all agents. Easy day 
schedule. Maintenance if desired. Sick 
and annual leave plan. Salary schedule 
has automatic period increases. Trans- 
portation refunded on pro-rated basis. 
Apply letter or wire collect: Superin- 
tendent, Twin Falls County Hospital, 
Twin Falls, Idaho. 


TWO NURSE ANESTHETISTS for 
150 bed hospital staff. Four nurses 
with full time M.D. All agents and 
technics. Good opportunity for advanced 
training. Salary $225.00 per month with 
full maintenance and month’s vacation. 
Write: L. R. Orkin, M.D., Wm. W. 
Backus Hospital, Norwich, Conn. 


NURSE ANESTHETIST: 400 bed 


- general hospital, excellent working con- 


ditions in department headed by quali- 
fied medical anesthetist. Maintenance 
available if desired. Write or wire at 
once to St. Luke’s Hospital, Bethle- 
hem, Pa. 


WANTED: ANESTHETIST — For 
166 bed, modernly equipped hospital, 
accepting only private patients. No 
O.B. calls after 11:00 p.m. Located 
in the heart of Tidewater, Virginia— 
easily accessible to the Beaches, Co- 
lonial Williamsburg, Jamestown, and 
other points of historic interest. Salary 
open. Apply to: Mrs. Mildred L. Brad- 
shaw, R. N., Superintendent of Nurses, 
— Memorial Hospital, Norfolk 7, 
a. 


WANTED: Nurse anesthetist (perma- 
nent) and one anesthetist for three 
months’ vacation leave. Three other 
nurse anesthetists in the department. 
150 beds; 40 bassinetts. Apply: Admin- 
istrator, The Somerset Hospital, Som- 
erville, N. Thirty-five miles from 
New York City. 


WANTED: Graduate nurse anesthetist 
in a modern, well-equipped, 200 bed, 
Michigan hospital, located in lake area 
in close proximity to metropolitan 
Detroit. Five anesthetists on staff. 
$275.00 base pay with $10.00 step in- 
creases at 6, 12, 24 and 36 months. Ex- 


cellent cafeteria meals. Uniforms laun- 


dered. Write: Director, Pontiac Gen- 
eral Hospital, Pontiac, Mich. 
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> Because anoxia is so often present in conditions 
affecting the brain, oxygen is an important sup- 
portive—especially in cerebral thrombosis or 
embolism, meningitis, skull fraeture, severe con- 
cussion and headache. 

Digests of medical articles describing the use of 
oxygen in these conditions and many others, appear 
in the Oxycen THERAPY News, published monthly 
as one of our services to physicians. We shall be 
glad to send it to you upon request. Medical reprints 
or references on many of these uses are also available. 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [fig New York 17, N. Y. 


3 Offices in Other Principal Cities 
In Canada: Dominion Oxygen Company, Limited, Toronto 


The term ‘‘Linde’’ is a trade-mark of 
The Linde Air Products Company 
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